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EXECUTIVE COMMITTEE 

(Past Presidents, Officers, Divisional Chairmen, and 
Chairmen of Standing Committees) 

J. C. Arthur, C. A. Behrens, W. M. Blanchard, H. L. Bruner, S. 
Burrage, R. E. Cleland, W. A. Cogshall, Stanley Coulter, C. G. Culbert¬ 
son, E. R. Cumings, J. J. Davis, Charles C. Deam, Edward F. Degering, 
W. E. Edington, P. D, Edwards, H. E. Enders, Harry N. Fitch, A. L. 
Foley, R. C. Friesner, W. G. Gingery, R. E. Girton, Robert Hessler, 
Robert Karpinski, Eli Lilly, M. W. Lyon, Jr., E. G. Mahin, E. S. Martin, 
R. E. Martin, W. E. Martin, W. J. Moenkhaus, W, P. Morgan, Thomas 
B. Noble, II. A. Noyes, F. Payne, N. E. Pearson, R. R. Ramsey, J. L. 
Riebsomer, F. B. Wade, F. N. Wallace, Paul Weatherwax, Winona 
H. Welch, J. S. Wright, T. G. Yuncker. 


STANDING COMMITTEES 

(Appointed by the President, Chairman of Each 
Committee Named First) 

Auditing: E. S. Martin, William Johnson, 

Biological Survey: N. E. Pearson, C. M. Palmer, M. W. Lyons, Jr., 
Dorothy Parker, Winona Welch, Ralph Kriebel, G. A. Ficht, W. P. 
Allyn. 

Junior Academy of Science: H. E. Enders, F. J. Breeze, 0. B. Christy, 
C. F. Cox, F. B. Wade, P. D. Wilkinson. 

Library: Walter G. Gingery, Ray C. Friesner, Nellie M. Coats. 

Membership: R. E. Girton, N. E. Pearson, W. D. Thornbury, 0. B. 
Christy, A. H. Meyer. 

Nominations: J. S. Wright, William E. Edington, E. G. Mahin. 

Program: T. G. Yuncker, Glenn A. Black, F. E. Beghtel, C. A. Malott, 
B. E. Montgomery, and Divisional Chairmen. 

Publication of Proceedings: P. D. Edwards, J. J. Davis, M. E. Hufford, 
F. B. Wade. 

Relation of Academy to State: F. N. Wallace, J. S» Wright, Stanley 
Coulter, E. Y. Guernsey. 

Representative on Council of A.A.A.S.: H. E. Enders. 



MINUTES OF THE EXECUTIVE COUNCIL 

Greencastle, Indiana, February 2, 1941 

The Council Meeting of the Academy was called to order by Presi¬ 
dent Weatherwax at 2 o'clock in the Faculty Room of the Administra¬ 
tion Building of DePauw University. He explained that although the 
Council consists of the officers, it has been customary to invite the 
Executive Committee to attend the Council Meeting so that all activities 
of the Academy could be represented. 

Through oversight the expired terms of one of the Academy Founda¬ 
tion Trustees and one of the members of the Research Grant Committee 
were not filled at the meeting of the Executive Committee, November 
14, 1940. Dr. Morgan moved that Mr. John S. Wright succeed himself 
as Trustee of the Academy Foundation. Dr. Cogshall seconded the 
motion. Mr. Wright was unanimously elected to serve as trustee for 
another 4-year term. Dr. Foley moved that Dr. Enders be re-elected 
as a member of the Research Grant Committee. Dr. Wade seconded 
the motion. Dr. Enders was unanimously elected to serve on this com¬ 
mittee for another 5-year term. It was agreed to submit this matter 
to the Academy for approval at the Spring Meeting because of the 
irregularity of the election. 

Officers and committee representatives reported as follows: 

Academy Foundation. Dr. Wade stated that the amount on hand 
in the Indiana National Bank at the time of the meeting of the Execu¬ 
tive Committee, November 14, 1940, was $940.61; that on January 7, 
1941, two gifts, one of $250.00 and one of $260.00, had been received 
from a friend of the Academy; and that the total savings, due to the 
gifts, interest, dividends, and bond coupons, are now $1,482.06. 

Bonding Trustees. Dr. Cogshall reported, in the absence of Dr. 
Bruner, that the bonds were all in good order. 

Research Grant. Dr. Foley reported that two applications were 
received at the November meeting but no decision had been made 
because the committee wished to make new rules for the selection of 
the grantees. President Weatherwax read a portion of a letter from 
Ass't. Sec. Woodley of A.A.A.S., informing the Academy that it has 
$150.00 available for its distribution. The committee promised to report 
definitely at the meeting in the spring. 

Auditing. Mr. E. S. Martin reported that the books of the Trustees 
and of the Treasurer had been audited and found satisfactory. 

Membership. Dr. Girton stated that the campaign for membership 
was being carried on by correspondence. Results will be announced 
at the Spring Meeting. 
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Program. Dr. Yuncker reported that Evansville and the Angel 
Mounds Site were being considered for the Spring Meeting early in 
May; and that the DePauw committee was crystallizing plans for the 
Winter Meeting to be held early in November in Greencastle. 

Publication of Proceedings. Dr. Edwards reported that three- 
fourths of the copy was turned over to the printer at 11 a.m., Feb¬ 
ruary 2. 

Relation of Academy to State. Dr. Friesner reported, in the absence 
of Mr. Wallace, that $1,500.00 had been included in the State Budget 
for the Academy. 

Junior Academy of Science. Dr. Wade, in the absence of Dr. Enders, 
reported that he was well pleased with the growth of the Junior Academy 
and with the competence of the young people. He complimented Dr. 
Enders upon doing a fine piece of work, having an attendance of 250 
at the meeting at Ball State Teachers College last November. 

Treasurer. Dr. Morgan stated that for the year 1940 the total 
receipts were $1,570.15 and the total disbursements were $1,376.04, 
leaving a balance of $194.11. In 1939 there were 690 paid members. 

Press Secretary. Dr. Edington reported that he sent numerous 
articles to the press at the time of the meetings of the Academy. 
As Necrologist of the Academy he stated that 18 members passed away 
in 1940, and two members, Dr. Frank Andrews of Bloomington, and 
Mr. S. E. Perkins, III, of Indianapolis, had died since the Fall Meeting. 
He inquired as to the preparation of memorials for those who are 
resigned or retired members at the time of death but who had been 
active members over a long period of years. Dr. Friesner moved that 
a committee be appointed to amend the by-laws to include membership- 
emeritus, to report at the Fall Meeting. Dr. R. E. Martin seconded 
the motion. Motion carried. 

Index. Dr. Friesner reported that the work on the Index of the 
Proceedings is progressing. 

Publication of Proceedings. It was requested that the Committee 
on Publication present at the Spring Meeting a code on eligibility for 
publication. 

New Business. Dr. Friesner made the following motion: “I move 
that the President, Secretary, Treasurer, Editor, and the Chairmen 
of the Committee on Relation of Academy to State, Program Committee 
and Library Committee constitute a Budget Committee for the purpose 
of budgeting the major expenditures of the Academy.” Dr. Edington 
seconded the motion. Motion carried. The committee is to become 
effective at once. 


The Council adjourned at 4 p.m. 



MINUTES OF THE SPRING MEETING 

Cannelton, Indiana, May 9-10, 1941 

Many Academy members and friends visited the Angel Mounds 
near Evansville enroute to Cannelton. The tour of the site conducted 
by Mr. Glenn Black was exceedingly interesting. 

The meeting was called to order by President Weatherwax at 8:00 
p.m., May 9, in the dining room of the Sunlight Hotel, Cannelton, In¬ 
diana. Mr. Harry Davidson, Superintendent of the Cannelton Schools, 
officially welcomed the Academy to the city. The response was made by 
President Weatherwax. 

Dr. C. A. Malott presented the geological and historical setting of 
the Cannelton region and Dr. Eay C. Friesner discussed the floristic 
features in the vicinity of Cannelton, enumerating several species, dis¬ 
tinctive of southern Indiana, which could be seen the following day, 

Mr. Glenn Black spoke concerning the rock shelters of the Indians 
' who used to live in this part of the state. 

The minutes of the Council Meeting were read and approved. 

The irregular election of a Foundation Trustee and of a member 
of the Research Grant Committee at the Council Meeting was explained 
by President Weatherwax. The motion of approval by the Academy 
of the action by the Council was made by Dr. Friesner and seconded 
by Dr. Yuncker. The election was approved. 

Membership-Emeritus Committee. The president appointed on the 
Membership-Emeritus Committee Dr. Ray C. Friesner, Dr. W. P. Mor¬ 
gan, and Mr. Walter G. Gingery. The committee was requested to 
report , before the Executive Committee at the Fall Meeting. 

Research Grant Committee. Dr. Foley reported that the Research 
Grant Committee had received five applications. The following grants 
were recommended: A. H. Meyer, Valparaiso University, $100.00, with 
a possible increase to $125.00; William D. Gray/ Miami University, 
$75.00; Albert E. Reynolds, DePauw University, $62.75; and Winona 
H. Welch, DePauw University, $100.00. The recommendations were 
approved by the Academy. 

Membership Committee. Dr. Girton reported 23 membership appli¬ 
cations and moved that the secretary cast an unanimous ballot for the 
election of these applicants to membership in the Academy. The motion 
was seconded by Dr. Yuncker and carried by the Academy. 

A.A.A.S. Dr. Enders stressed the importance of Indiana Academy 
members being members of the A.A.A.S. also, because of the 50c per 
member increase in the amount of research fund given to the Academy 
by the A.A.A.S. 

Publication of Proceedings. Dr. Edwards reported that the Com¬ 
mittee on Publication had decided to continue the present ruling on 
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eligibility for publication, at least for another year. He announced 
that the Proceedings should be bound within the next few days. 

Fifty-Year Index. Dr. Friesner made a progress report concerning 
the Fifty-Year Index. Dr. Smith has the indexing completed and is 
now putting the material into manuscript form. 

Library. Dr. Friesner made the library report for Miss Nellie 
Coats. Exchanges from 20 foreign countries have been received within 
the last two months; none from conquered or occupied countries and 
one from Germany; an attempt is being made to exchange with countries 
of South America; 31 exchanges have been received from the Univer¬ 
sity of Wisconsin; and 181 volumes are now in the bindery. 

Academy Conference. Representative Enders discussed the affilia¬ 
tion of collegiate groups with the state academies in a manner com¬ 
parable to the Junior Academies. The expression of the Indiana 
Academy of Science is to be made at the Executive Committee Meeting 
in order that Dr. Enders may convey our wishes concerning this matter 
to the Dallas Meeting of the Academy Conference. 

New Business. Dean William M. Blanchard, DePauw University, 
was unanimously elected to the position of Honorary Fellow in the 
Indiana Academy of Science. 

The meeting adjourned at 10 p.m. 

At 8 o’clock Saturday morning those interested in geology left for 
an excursion led by Dr. Malott and the botanists went on a foray 
conducted by Dr. Friesner. 



PROGRAM OF THE WINTER MEETING 
DePauw University 
October 30-November 1, 1941 


Thursday, October 30 
7:30 p.m. 

Meeting of the Executive Committee. 

Friday, October 31 
9:30 a.m. General Session. 

Address of Welcome. “Our Indebtedness to the Scientist”, Presi¬ 
dent Clyde E. Wildman, DePauw University. 

Response. President Paul Weatherwax. 

Selections by the Madrigal Singers. Professor Edna Tyne Bowles, 
Director. 

Business Session. 

Necrology. Will E. Edington, DePauw University. 

“Why? What? Whither?” Althur L. Foley, Indiana University. 

“Some Thoughts on Origin and Evolution.” Arthur T. Evans, 
Miami University, Oxford, Ohio. 

1:00 p.m. Sectional Meetings. 

6:00 p.m. Annual Dinner. 

Business Session. 

President’s Address. “The Indian as a Corn Breeder,” Paul 
Weatherwax, Indiana University. 

Saturday, November 1 
9:00 a.m. 

Taxonomists Meeting. 

Entomologists Meeting. 

Junior Academy of Science Meeting and Exhibits, 
xii 



MINUTES OF THE EXECUTIVE COMMITTEE 

DePauw University, October 30, 1941 

The Executive Committee was called to order by President Weather- 
wax at 7:30 p.m., in the Faculty Room of the Administration Building 
of DePauw University, Greencastle, October 30, 1941. The minutes 
of the Spring Meeting held at Cannelton, May 9-10, 1941, were read 
and approved. Officers and committees reported as follows: 

Academy Trustee. Dr. John S. Wright submitted the following re¬ 
port of the Foundation funds of the Academy for 1940-1941: 


Receipts 


Balance In bank from previous year.$ 940.61 

Total Receipts . 680.50 

Total .$1,621.11 


Expenditures 

Withdrawal to purchase $1,000 U. S. Saving's Bond Series G (12 


yr. Current Income Bonds).$1,000.00 

Withdrawal to pay research grant as ordered. 87.75 

Balance in Indiana National Bank Savings Account. 533.36 


Total .$1,621.11 


Assets In the Fund as of October 25, 1941 


Five $1000 U. S. Savings Bonds, Series D at cost.$3,750.00 

One $1000 U. S. Savings Bond, Series G at cost. 1,000.00, 

Federal Farm Loan & Farm Mortgage Bonds at par. 2,500.00 

One $500 4% U. S. Treasury Bond of ’44-’54, par. 500.00 

Four $100 U. S. Treasury 4% Bonds of ’44-’54 at par. 400.00 

One $100 U. S. Treasury 4&% Bond at par. 100.00 

One $100 3%% U. S. Treasury Bond at par. 100.00 

One $100 3%% U. S. Treasury Bond at par. 100.00 

Two $100 Muncie Masonic Temple Assn. First Mortgage Bonds.... 200.00 
Six shares Standard Oil of Indiana common stock, par. 150.00 


Total at par or cost.$8,800.00 


Auditing Committee. Mr. E. S. Martin stated that the Auditing 
Committee had found the books of the Academy Foundation correct 
and that the securities listed in the Assets were in the lock box of 
the Academy Foundation. 

Treasurer’s Report. Dr. Morgan gave a tentative financial report 
for the period from January 1, 1941, to October 25, 1941. His final 
report, approved by the Auditing Committee, at the end of the year 
follows: 
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Indiana Academy of Science 


Receipts 


Balance on hand January 1, 1941. $ 194.lt 

Dues and initiation fees . 921.00 

A.A.A.S. refund for research g’rants. 160.00 

Foundation Fund for research grants . 87.75 

Gift designated for research grants. 150.00 

Sale of Proceedings. 15.00 

Author’s Reprints, Vol. No. 46. 3.99 

Author’s Reprints, Vol. No. 49. 98.(57 

Author’s Reprints, Vol. No. 50. 112,37 


$1,732.89 


Disbursements 


I— Program Committee. .....$ 132.95 

*2—Editor . 220.00 

3— Expenses of Secretary. 94.00 

4— Expenses of Treasurer. 70.00 

5— Mailing Proceedings. 22.98 

6— Stationery . 40.39 

7— Delaware Engraving Co. 125,07 

8— Junior Academy Bulletins. 20.00 

9— Surety Bond and Safety Deposit Box. 30.55 

10—Research Grant to Winona Welch. 100.00 

II— Research Grant to A. H. Meyer. 100.00 

12— Research Grant to N. E. Pearson. 50.00 

13— Research Grant to W. D. Gray. 75,00 

14— Research Grant to A. E. Reynolds. 62.75 

15— C. E. Pauley Balance on Proceedings . 156.02 

16— Postage refund to committees. 4.56 

17— Returned check and service charges. 1.75 


$1,306.02 

Balance on hand. 426.87 


$1,732.89 

# (Signed) W. P. Morgan, Treasurer. 

(Signed) Ersie S. Martin, Auditor. 

* Includes cost of preparation of list of members. 

Bonding Committee. In the absence of Dr, Bruner and Dr. Cog- 
shall, the Secretary read the report which follows: 

As chairman of the Bonding Committee of the Indiana Academy 
of Science, I send herewith notice of premium due Nov. 18, *1941, on 
Fidelity Bond No. 1113950, issued by the Hartford Accident and In¬ 
demnity Company, in behalf of the Academy of Science. The premium 
covers the cost of bonds for the following officers of the Academy: 

Treasurer ..$2,000 cost ‘$ 5.00 

One Trustee .. 5,000 cost 10.00 

Second Trustee . 5,000 cost 10.00 

Total cost .$25.00 

The report was accepted and the cost of bonding ordered paid. 

Editor. Dr. Edward’s report concerning volume 50 of the Proceed¬ 
ings of the Indiana Academy of Science follows: 
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Number of copies cloth bound. 1,000 

Number of copies paper bound. 600 

Number of pages. 302 

Total number of reprints. 8,200 

Cost of engraving, printing, and binding.$1,581.34 

Cost of editing for assistant, postage, and supplies. 200.00 

Due from authors for reprints. 147.40 


Publication of Proceeding's- Dr. Edwards stated that the require¬ 
ments for eligibility for publication were unchanged from those pre¬ 
sented at the Spring Meeting. 

Research Grant. Dr. Foley recommended the following grants for 
approval by A.A.A.S.: Dr. Dorothy Parker, St. Mary’s College, $50.00, 
and Emory Simmons, DePauw University, $100.00. Duties 3, 4, and 5 
of the Chairman of the Research Grant Committee were read and dis¬ 
cussed. A motion was made and carried that a committee be appointed 
to study these duties, presenting a possible solution of the problem at 
the Spring Meeting. 

Biological Survey. In the absence of Dr. Pearson, Dr. Palmer read 
the following report: Studies on the biota of the state continue. 
Progress on the study of the liverworts and mosses will be reported in 
the botany section during the annual meeting. Aided by a research 
grant for biological survey, Dr. Frederick H. Test extended the survey 
of the mice in Parke, Harrison, and Jefferson counties. 

Fifty-Year Index. A progress report was made by Dr. Friesner. 
The number of entries to date is approximately 12,000. 

Library Committee. Mr. Gingery read the following report which 
was prepared by Miss Coats, librarian of the Indiana Academy of 
Science Library: 

Despite the hazards of shipping, material has been received during this 
period from 27 foreign countries, though none came from such conquered 
or occupied states as Belgium, Finland, France, Holland, Norway, Poland, 
Boumania or Czechoslovakia. In general it is not known whether serials 
formerly issued in these countries have temporarily discontinued or have 
completely ceased publication though in one instance, that of the 
Bulletin of the Sooiete chimique de France, a dealer in foreign serials has 
indicated that issues are being held for future shipment. 

While the receipts are smaller from European countries it is hoped 
that exchange arrangements can be made with a larger number of organ¬ 
izations in this hemisphere and to that end letters have recently been 
addressed to 21 additional American societies and institutions publishing 
scientific material and to 58 such societies and institutions in Latin America. 

Beplies are just beginning to come in but apparently the response will be 
generous and most of the material valuable. The Wagner Free institute sent 
a file of its publications with the exception of one volume entitled Heilprin: 
Exploration of the West Coast of Florida and the Okeechobee Wilderness which 
is available only by purchase ($2.50). The Texas academy of science, Trans, v. 
14, Shulz. Texas Cacti is also available only by purchase ($1.50). It is requested 
that a small sum be appropriated for the purchase of such occasional items 
needed to complete files. 

The- completion of files and the acquisition of new titles adds to the 
problem of binding and though 181 volumes were bound- this year much 
• unbound material remains. 
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The fact that the titles available in this library are listed in the Union 
list of serials in Indiana libraries which appeared this year adds greatly to the 
library's usefulness, though attention should be called to the fact that many 
new titles have been added since the volumes went to press. 

Serials were received in 1940-41 from the following countries: Argentina, 
Australia, Brazil, Canada, Chile, China, Cuba, Dutch Bast Indies, Bngland, 
Germany, Guatemala, Hawaii, Ireland, Italy, Java, Mexico, Peru, Philip¬ 
pines, Portugal, Russia, Scotland, South Africa, Sweden, Switzerland, 
Tasmania, Ukraine, Uruguay, and United States. 

It was moved and carried that the Budget Committee be advised 
to set aside an amount for the purchase of occasional and valuable 
publications which are available only by purchase, as requested by Miss 
Coats. ' 

Press Secretary. Dr. Edington reported that the work of the Press 
Secretary is carried out through the publicity facilities of the host 
college thus insuring that the articles submitted may receive the atten¬ 
tion of the large Press Association as well as the local and Indianapolis 
papers. Reports on the Spring and Fall Meetings have appeared in 
the Indianapolis papers and others, and also in Science. The report was 
accepted. 

Membership Committee. Dr. Girton reported that a total of 57 
applications for membership had been received in 1941 including those 
elected at the Spring Meeting. Other applications were expected before 
the time of the election at the dinner meeting. 

Junior Academy of Science. Dr. Enders reported that there are 38 
active Junior clubs in the state, and several have a number of divisions, 
•ranging from two to six. A new club in the Bedford High School has 
been recommended to membership. The committee recommended that 
the Academy continue its allotment of $20.00 for the publication, Science 
Aids Service, and that the Treasurer be authorized to pay this amount 
to the publisher, Louis A. Astell. A motion was made and carried that 
this amount be referred to the Budget Committee, 

Relation of the Academy to A.A.A.S. Representative Enders recom¬ 
mended a concentrated effort on the part of the Academy to induce 
its members to join the A.A.A.S, and thereby to contribute to the 
increase of funds that are available to the Academy for its research 
projects, and hoped that there would be a good representation of the 
Academy at the December, 1941, Meetings in Dallas, Texas. 

Nominations Committee. The committee recommended for election 
as Fellow, Dr. J. L. Riebsomer, DePauw University. Recommendation 
was approved. 

Invitations Committee. President Weatherwax appointed Dr. Deger- 
ing. Chairman, Dr. Edwards, and Dr. Edington. 

Resolutions Committee. President Weatherwax appointed Dr. Potz- 
ger, Chairman, and Dr. Christy. 
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Membership-Emeritus. Dr. Friesner read the report as follows: 

The following* is proposed to become Section 5 of Article 2 of the 
Constitution: Any member of the Academy because of age or condition 
of health may, upon recommendation of the secretary and approval of 
the Executive Committee by a three-fourths vote of the members present, 
become an emeritus member. Emeritus members shall pay no further dues 
but shall be entitled to all privileges of Academy membership except receipt 
of the Proceedings, unless by special act of the Executive Committee, in 
recognition of outstanding services to the Academy, the Proceedings shall 
be ordered continued to such emeritus member. 

The amendment to the constitution was approved by the Executive 
Committee subject to final action in the General Session. 

Collegiate Group. Dr. Enders reported that he had received no 
favorable comments concerning the affiliation of collegiate groups with 
the Indiana Academy, and will report accordingly at the Academy 
Conference in Dallas in December. 

Change in Constitution. The Executive Committee recommends 
the deletion of the following sentence in Article 2, Section 3, of the 
Constitution: “Fellows of the American Association for the Advance¬ 
ment of Science who are also members of the Indiana Academy of 
Science shall automatically become fellows of this Academy.” This is 
not considered to be retroactive for any Fellow now listed. 

Adjournment, 9:30 p.m. 



MINUTES OF THE GENEEAL SESSION 

October 31, 1941 

President Clyde E. Wildman of DePauw University welcomed the 
Indiana Academy of Science to the campus and gave a splendid address 
on “Our Indebtedness to the Scientist”. President Weatherwax re¬ 
sponded in behalf of the Academy. The Madrigal Singers, under the 
leadership of Professor Edna Tyne Bowles, delightfully entertained 
with several numbers. 

The minutes of the Executive Committee meeting of October 30, 
1941, were read by the secretary and approved by the Academy. The 
two changes in the Constitution were adopted by the Academy. 

Mr. Wright reported that the Nominations Committee had nomi¬ 
nated Dr. Foley to succeed himself on the Research Grant Committee, 
and Dr. Bruner and Dr. Cogshall to be their own successors on the 
Bonding Committee. The report was accepted. 

President Weatherwax and the Academy gave a vote of thanks 
to Dr. Enders in appreciation of his splendid work and untiring efforts 
in the Junior Academy. 

Dr. Edington presented the necrology and spoke briefly concerning 
eleven members whose deaths had occurred within the past year. 

Two addresses followed: Dr. Arthur L. Foley, Indiana University, 
on “Why? What? Whither?”, and Dr. Arthur T. Evans, Miami Uni¬ 
versity, on “Some Thoughts on Origin and Evolution”. 

Following the banquet, Charles H. Sheridan, accompanied by Henry 
G. Oakes, presented several vocal numbers. , 

Dr. Girton presented forty-three applications for membership, in¬ 
cluding one Life Membership and one Junior Academy Membership, 
making a total of sixty-nine applications for the year. The secretary 
was instructed to cast an unanimous ballot for the forty-three applicants. 

Dr. Edington, in the absence of Mr. Wright, read the nominations 
of the committee *as follows: President, M. G. Mellon, Purdue Uni¬ 
versity; Vice-President , Theodor Just, University of Notre Dame; Secre¬ 
tary, Winona H. Welch, DePauw University; Treasurer , W. P. Morgan, 
Indiana Central College; Editor , P. D. Edwards, Ball State Teachers 
College; and Press Secretary, C. M. Palmer, Butler University. Dr. J. L. 
Riebsomer, DePauw University, was nominated for election as Fellow 
of the Academy. The nominees were elected. 

The Divisional Chairmen elected in the sectional meetings for 1942 
were announced as follows: Anthropology , C. F. Voegelin, Indiana Uni¬ 
versity; Bacteriology, L. S. McClung, Indiana University; Botany , R. C. 
Friesner, Butler University; Chemistry, K. N. Campbell,.University of 
Notre Dame; Geology and Geography, G. T. Wickwire, Hanover College; 
Mathematics , W. E. Edington, DePauw University; Physics, 0. H. 
Smith, DePauw University; Psychology, F. D. Brooks, DePauw Univer¬ 
sity; and Zoology, T. M. Sonneborn, Indiana University, 

v xvlii 
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The Academy accepted the invitation of members of the faculty 
of Notre Dame University to hold the annual Fall Meeting of the 
Academy in 1942 at Notre Dame. 

Dr. Potzger read the report of the Resolutions Committee express¬ 
ing, on behalf of the Academy, the sincere appreciation of the courtesies 
extended by DePauw University, its President, Dr. Wildman, the mem¬ 
bers of the Science Faculty, and to all others who contributed to the 
success of the meeting. The report was accepted. 

Dr. Paul Weather wax, retiring President, delivered a very interest¬ 
ing address on the subject, “The Indian as a corn breeder”. 

The 57th annual meeting of the Indiana Academy of Science, with 
a general attendance of 464 and a dinner attendance of 148, was ad¬ 
journed. 

Winona H. Welch, Secretary. 




INDIANA JUNIOR ACADEMY OF SCIENCE 

Officers for 1941: 

President: Pat Anderson, Edison High School, Hammond, Indiana, 

Vice President: Mary Elizabeth Hybarger, Lew Wallace High 
School, Gary. 

Secretary: Mary Lou Smith, Marion High School, Marion (moved 
to Erie, Pa.); Lois Taylor, George Washington High School, Indian¬ 
apolis. 

Members of the Council: Anna Inskeep (1936-1941); Lola Lemon 
(1937-1942); J. H. Otto (1938-1943); P. L. Whitaker (1939-1944) to suc¬ 
ceed A. B. Krom, resigned: Roy McKee (1940-1946). 

Junior Academy Committee: F. E. Beghtel, F. J. Breeze, 0. B. 
Christy, C. F. Cox, F. B. Wade, P. D. Wilkinson, M. M. Williams, and 
H, E. Enders, Chairman. 


PROGRAM OF THE ELEVENTH ANNUAL MEETING 
November 1, 1941 

10:00 a. m., Minshall Laboratory, DePauw University, Greencastle 
Pat Anderson, President, presiding 

Music, Saxophone Quartette, Greencastle School. 

1. Discussion of Music, Juanita Jones and Margaret Clark, Bloom¬ 
ington Junior-Senior High School. 

2. “The Civic Functioning Junior Academy of Science, 1 ” Margaret 
Elliott, Elkhart Junior High School. 

3. “The Photo Electric Cell and Electronic Relay,” Robert S. Smith, 
Arsenal Technical High School, Indianapolis. 

4. Lecture and Demonstration of Liquid Air, Dr. F. J. Allen, Pur¬ 
due University. 

Business Session. 

1:00 p.m., Chapel, Meharry Hall 

1. “Audio Analyzer,” James Clay, Bloomington High School. 

2. “Heredity of the Fruit Fly,” Jean Ross, Thomas Edison Junior 
High School, Hammond. 

3. “Bee Keeping,” John Toney, Thomas Edison High School, Ham¬ 
mond. 

4. “My First Canary,” Harriet Roy, Lew Wallace High School, 

Gary. , 
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5. “Alligators,” Frances Castagna, Lew Wallace High School, 
Gary. 

6. “Television—The Marvel of Tomorrow,” Davis Borland, Junior- 
Senior High School, Bloomington. 

7. “The Emergence of the 17 Year Locust,” Kodachrome motion 
pictures, Paul Henke, Arsenal Technical High School, Indianapolis. 

Report on the Progress of the Indiana Junior Academy of Science, 
Dean Howard E. Enders, State Sponsor. 

MINUTES 

The eleventh annual meeting of the Indiana Junior Academy of 
Science was held Saturday, November 1, 1941, in the Minshall Labora¬ 
tory, DePauw University, Greencastle, Indiana. 

Dr. Howard E. Enders of Purdue University gave a word of greet¬ 
ing and introduced the president, Pat Anderson, of the Edison High 
School, Hammond, and the vice-president, Mary Elizabeth Hybarger, 
Lew Wallace High School, Gary. Since the secretary, Mary Lou Smith, 
of Marion, had moved to Erie, Pa. and could not be present, a secretary 
pro tem was appointed—Miss Lois Taylor, George Washington High 
School, Indianapolis. 

The president opened the meeting by calling for the minutes of 
last year's meeting. They were read and approved. 

The group was then entertained by a Saxophone Quartette from 
the Greencastle High School. 
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A new club, the Phi Pi Chi Club, of Bedford High School, Bedford, 
was admitted into the Indiana Junior Academy of Science. 

Following the presentation of the papers listed in the morning pro¬ 
gram Mr. Dari Wood of the Mishawaka High School was chosen to serve 
as Council Member from 1941 to 194G, succeeding Anna Inskeep, whose' 
five year appointment expires with the current year. 

Don F. Courtney of the Camera Club, of Sullivan, and Jean Ross of 
the Edison Junior Academy Club of Hammond were chosen by the 
Council for nomination by the Indiana Academy of Science as Honorary 
Members of the American Association for the Advancement of Science, 
and with the privilege of attending the annual meetings in Dallas, Texas, 
in December, 1941. 

The election of officers for the coming year was held and the officers 
chosen were: President —James Sarasien,* Phi-Chem Club, Elmhurst 
H.S., Fort Wayne; Vice-President —Jack Moseley, Greencastle; Secre¬ 
tary —Selma Heaton, Mishawaka High School, Mishawaka. 

After the business session the meeting adjourned for lunch. The 
total attendance was 288 but others were unable to enter the filled room. 

The afternoon session was held in the chapel of Meharry Hall. The 
papers listed in the afternoon program were presented and well received. 
Following the last paper the meeting was adjourned by the President at 
2:30 o'clock. Many of the students attended a football game at the 
DePauw Stadium as guests of the University. 

Lois Taylor, Secretary Pro Tem . 

Pat Anderson, President . 

* EXHIBITS 

The exhibits were installed Saturday morning. Keen interest was 
manifested by members of the visiting clubs as well as by those who 
demonstrated their own exhibits. The following exhibits were prepared: 

1. Bloomington, University School. Model airplane at work, Doug¬ 
las Moffatt; Moths-Butterflies. 

2. Bloomington, Junior H.S. Science Club. Finished American 
wood, Ruth Thomas; Foreign and native wood, Ruth Thomas; Audio 
analyser. 

3. Elkhart, Biology Club. Photographic copies of newspaper clip¬ 

pings pertaining to sale of tulip trees; Maps of.Elkhart showing where 
and by whom tulip trees were sold. * 

4. Fort Wayne, Elmhurst Phi-Chem Club. Displacement series; 
Transportation of anions and cations; Surface tension. 

5. Greencastle, Science Club. Projecting machine; Open air art ex¬ 
hibit. 

6. ' Hammond, Edison Junior Academy. Biology of house fly and 
cockroach, Microscope of 1890, Blind fish, by the Club; Skulls, Bob 
Rubright; Fruit flies and pineapple plant, Jean Ross; Bee keeping equip¬ 
ment, John Toney; Chemical gases, Vernon Fauver. 

7. Indianapolis, Shortridge Chemistry Club. Rock collection, 
Poster charts. 
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8. Indianapolis, Crispus Attacks Biology Club. Valuable bac¬ 
teria, Leaf collection, Algae, by the Club; Dissected frog, Louise Phelps; 
Copper sulphate crystals, Louise Phelps; Nitrogen cycle, Edna Moseley. 

9. Indianapolis, Technical Nature Study Club. Bird calendar, 
Flower calendar, Reports and photographs of club work; Fruits and 
seed dispersal, Catherine Berfanger, Virginia Reuter, and John W. 
Kendrick; Life story of 17 year locust, Paul Henke. 

10. Indianapolis, Technical Physics Club. Model of Carlsbad Cave, 
Marjorie Morrow; Anemometer, Willis Martin; A.F. test oscillator, 
Calvin J. Rock; Water' motor, Clarence Alexander; Model of Long's 
Peak, Robert Auble. 

11. Indianapolis, Washington Science Club. Turtles; Rocks; Leaf 
collection; Gopher tortoise; Alligator; Photographs. 

12. Mishawaka Science Club. I. Rat maze, Frederick Sparks; II. 
Atomic models: Oxygen, Vera Robinson; Carbon, and Oxygen, Robert 
Swandener; Crystal lattice; Calcium, Richard Granger; Sodium, Chem¬ 
istry section. III. Molecular models: Methyl alcohol, Richard Kelley; 
Ethane, Richard Granger. IV. Xylophone, Marjorie Ginte. 

13. Sullivan Camera Club. Photographs, (Pictorial histories). 

14. Terre Haute, State High Discovery Club. Soaps; Insect 
and leaf collections, Lew Wallace. 


INDIANA JUNIOR ACADEMY CLUBS 


Date 

Town Name and School Organized Sponsor 


Anderson 
Bedford 
* Bloomington 


Cambridge City 
*CrawfordsviIle 
East Chicago 
Elkhart 

Fort Wayne 


Gary 
Gas City 


Science 1936 M. J. Brosier 

Phi Pi Chi 1941 W. D. Prather 

General Science, Jr.H.S. 1931 M. M. Williams 

University School, Science 
Club 1938 W. B. Miner 

Tri Science 1934 J, L. Bozarth 

Audubon Society, Jr.H.S. 1931 Emmet Stout 

Edison Club, Roosevelt H.S. 1935 Harry Apostle 
Biology Club 1940 N. E. Adams 

Evelyn Wagoner 

* Geography Council, North 

Side H.S. 1932 F. J. Breeze 

Nature Club, North Side H. H. Michaud and 

H.S. 1936 Vesta Thompson 

Phi-Chem Club, North Side 
H.S. * * 1937 H. A. Thomas 

Phy Chem Club. Elmhurst Ruth Wimmer and 

H.S. 1935 M. Logan 

Nature Club, Cent.H.S. Iva Spangler 

Biology Club, Lew Wallace 
H.S. 1935 Lola Lemon 

Science Club 1936 Roy McKee 


1 * Charter Clubs. 
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Date 

Town Name and School Organized Sponsor 

Greencastle Science Club 1936 F, N. Jones 

Guilford Science Club 1936 L. B. Willis 

Hammond Edison Academy of Science 1938 Max McCowen 

Indianapolis *Crispus Attucks H.S., Bio- Mrs. Kuykendall, A. 

logy Club, Chemistry C. Cox, G. W. Wade 



Club, Zoology and Radio 

1931 

and L. C. Parker 


♦Technical Schools—Nature 


C. F. Cox and John 


Study 

1932 

Kendrick 


Physics Club 


Ersie Martin 


*Shortridge H.S.—Chemistry 




Club 

1931 

R. W. Woline 


George Washington H.S.— 




Science Club 

1937 

J. H. Otto 

Lafayette 

Biology Club, Jefferson H.S., 




with six divisions 

1939 

Kenneth Dobelbower 

Lawrenceburg 

Phi-Bi-Chem 

1939 

H. P. Harrison 

Lowell 

Science 

1935 

C. N. Seeright 

Madison 

Science 

1938 

Evans Cottman 

Marion 

Science 

1936 

Pauline Mayhugh 

Mishawaka 

Science 

1936 

Dari F. Wood 

Montmorenci 

Jr. Academy of Science 

1933 


Mooresville 

Science 

1936 

Fitzhugh Lee 

Muncie 

Science—Blaine Jr.H.S. 

1934 

J. D. Young 

New Albany 

Junior Academy Club— 




Jr.H.S. 

1935 Gladys Knott 

North Madison 

♦Hilltop Nature Study Club 1931 

V. Shoemaker 

N. Terre Haute 

Otter Creek Jr. Acad. 




Science 

1939Prevo L. Whitaker 

Paoli 

Science Club 

1935 


South Bend 

Science Club, Central H.S. 

1939 

0. C. Osborn 


Jr. Izaak Walton Club 


Arthur L. Smith 


Natural Science Club 


C. C. Miller 


Photography 


W. W. Lauterback 


Radio Club 


Claude Bush 


Camera Club I 


Elmer Barnbrook 


Camera Club II 

1940 

Rose M. Gillespie 

Sullivan 

Camera Club 


Ruth Hinkle 

Terre Haute 

Jr. Science Club (Labora¬ 




tory School) 

1939 

Geraldine Shontz 


State High Discovery Club, 



Sr.H.S. Lab. School 

1939 

V. C. O’Leary 

Tipton 

Nature Club 

1935 

W. D. Hiatt 

Valparaiso 

♦Sciemus Club 

1931 

C. 0. Pauley 

Wabash 

Science Club 

1936 

R. D. Black 

West Lafayette 

Biology Club 

1933 

Anna Inskeep 


* Charter Clubs. 



NECROLOGY 

Will E. Edington, DePauw University 
Frank Marion Andrews 

Vienna, Indiana 
July 27, 1870 

At the close of the last century preparation for a life of scientific 
study was not considered complete by Americans until one or more years 
had been spent in Europe in specialized work under some one or more 
well known scientists, and when the time comes to write the history 
of science in Indiana this influence must be considered along with the 
many other factors such as the New Harmony movement, geological 
survey, and others. Undoubtedly the young scientists returning from such 
study in Europe brought back with them a certain zeal and enthusiasm 
that has done much to raise American science to the pinnacle on which 
it now rests. Frank Marion Andrews was such a scientist. 

Dr. Andrews received his first schooling in the Salem, Indiana, 
schools, but from the fourth grade on his entire life, except for foreign 
study, was spent in Bloomington. Graduating from Indiana University 
in 1894, he continued his studies and received his Master’s degree in 
1895. Beginning as an assistant in the Department of Botany he ad¬ 
vanced through the various ranks until he became professor of botany 
in 1922, which position he held until his retirement in 1940, a few 
months before his death. He went to Europe early in the century and 
received the Ph.D. degree in 1902 from the University of Leipzig. He 
returned to Europe in 1907 and spent the next two years in study in 
Amsterdam, Leipzig, the Smithsonian Table, Naples Biological Station, 
and Strassburg, and he also did some work at the Sorbonne in Paris. 
Among his teachers abroad were Goebel, Pfeffer, Jost, and deVries. He 
possessed a mastery of five languages and he wrote over one hundred 
scientific papers in English and German on physiological botany, pro¬ 
toplasm, plant chemistry, and the effects of centrifugal force on plants 
and plant movements. 

As a teacher he imparted his enthusiasm to his students in lectures 
characterized by logical and orderly organization and discussions en¬ 
livened by apt illustrations and keen humor. He was an ardent col¬ 
lector of rare old botanical books and antiques, and on the walls of his 
office were the pictures of distinguished scientists, his teachers, whose 
influence he passed on to his own students. 

Dr. Andrews was a life member of the Botanical Society of Lyon, 
Belgium, and a holder of a Charles Reid Barnes life membership in the 
American Society of Plant Physiologists. He was made a patron of 
the latter Society in 1938. He was also a member of the American 
Association for the Advancement of Science, and the Botanical Society 
of America. At Indiana University he was active in the work of the 


Bloomington, Indiana 
November 26, 1940 
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Society of Sigma Xi. A Fellow of the Indiana Academy of Science, 
Dr. Andrews served as its president in 1921. 

In the passing of Frank Marion Andrews Indiana University loses 
another of that distinguished group of alumni professors who devoted 
their entire lives to its service, and the Academy of Science loses a de¬ 
voted member and another distinguished past president. 

George Augustus Fight 

Vandecar, Ontario, Canada Auburn, Indiana 

November 27, 1900 July 29, 1941 

Indiana agriculture and, in particular, the corn growers of this 
and other states lost a friend and scientific benefactor in the untimely 
death of George Augustus Ficht. Born on a farm in Canada he spent 
his early years, on a farm and after graduating from high school he 
entered the Ontario Agricultural College where he received the degree 
of Bachelor of Scientific Agriculture in 1923. He immediately entered 
the service of the Dominion Entomological Branch as junior entomologist 
in corn borer research. In 1925 he began his graduate study at the 
University of Western Ontario and received the Master's degree in 1926. 
He continued his study at Iowa State College for another year as an 
assistant in entomology and then in March, 1927, he accepted an appoint¬ 
ment with the Department of Entomology of the Purdue University 
Agricultural Experiment Station to take charge of European corn borer 
research. He was in charge of the Purdue European Corn Borer Re¬ 
search Laboratory, at Auburn, at the time of his death. 

Professor Ficht possessed unusual ability in the mastery of scien¬ 
tific principles and technical problems, and his research studies in the 
life history and habits of the corn borer and their significance in the 
cultivation of corn form the basis for the preventive and control 
methods used in Indiana. He also did valuable research on other crop 
pests, such as gladiolus thrips, cutworms, and tomato nematodes. His 
research was characterized by carefulness in planning, thoroughness 
in execution, and a keen appreciation of its resultant significance. 

His research ability was early recognized by his election to Sigma 
Xi and Phi Kappa Phi. He was also a member of the American Asso¬ 
ciation for the Advancement of Science, the American Association of 
Economic Entomologists, and the Entomological Society of America. 

Although only forty years of age at his death Professor Ficht had 
made scientific contributions of great economic value, and in his passing 
the State and the Academy suffer a distinct loss of one whose future 
scientific achievement seemed assured. 

Arthur Erich Haas 

' Brno, Moravia Chicago, Illinois 

April 30, 1884 February 20, 1941 

The evil conditions that exist abroad have brought certain blessings 
to our nation, for numerous great minds have come to our shores in 
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order to continue their labors. One immediately thinks of Einstein, 
Thomas Mann, and many others. Our great universities have opened 
their doors freely to admit these. leaders, in science and thought, and 
their personalities and contributions are enriching the opportunities 
of American student life. Our own Notre Dame University was indeed 
fortunate in having the world renowned physicist Arthur Erich Haas. 

Dr. Haas came to Notre Dame in 1936 as professor of theoretical 
physics after having spent the previous year as Tallmann Visiting 
Professor at Bowdoin College. Descendant of an old and cultured 
family, he had received his secondary education in a famed Jesuit 
school of his native- town and had then entered the University of Vienna 
where he received the doctorate in 1906. Except for some graduate 
study at Gottingen he remained at Vienna as post-graduate and privat 
docent until 1913 when he became professor of theoretical physics at 
the University of Leipzig. In 1926 he returned to Vienna as professor 
of theoretical physics where he remained until 1936 when he came to 
the United States. However, during his Vienna professorate he traveled 
abroad as visiting lecturer, once to England and twice to America. Dr*. 
Haas had a wide acquaintance with physicists both here and abroad as 
his lecture visits included some eighty-six universities and colleges. 

Dr. Haas had several notable research achievements to his credit 
among them the development in 1910 of a formula for Rydberg’s con¬ 
stant containing only elementary constants, a formula differing from 
that of Bohr’s, developed three years later, by a constant factor due to 
the use of a different atomic model based on later researches. This 
work drew the particular attention of Lorentz and Sommerfeld. He 
also developed in 1920 a theory of isotopic effect in band spectra 
simultaneously but independently of the theory developed by Loomis and 
Kratzer. • In later years he discovered relations among the atomic and 
cosmic constants that were afterwards used by Eddington, Jordan and 
other workers in that field. 

But conspicuous as he was in research he was also an excellent 
teacher and a charming and witty lecturer possessing that rare power 
of presenting the abstract and abstruse concepts of theoretical physics 
in such a way as to be intelligible to the average person. As a teacher 
he had given many physicists both here and abroad their first intro¬ 
duction to theoretical physics and he was the author of the first modern 
textbook on theoretical physics Introduction to Theoretical Physics. He 
was working on a new edition of this book at the time of his death. 
He was an authority on the history of physics and he published a work 
on the historical development of the fundamental concepts of mechanics. 
His pedagogic works had been translated into ten languages. He was 
editor-in-chief and contributor to the Commentary on the Scientific 
Writings of J . Willard Gibbs, published in 1936. 

Dr. Haas was a Fellow of the American Physical Society, The 
American Association for the Advancement of Science, the Germanic 
Academy of Science in Prague, and the International Academy for the 
History of Science in Paris. He was a past president of the Physical 
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and Chemical Society of Austria, and an honorary member of the 
national physics society Sigma Pi Sigma. He was also a member of 
the Visiting Committee of Brown University. 

Excellent scientist, teacher and lecturer that he was, Dr. Haas was 
intensely human and enjoyed his many friends. His home was a center 
of hospitality for scientists from all over the world and his kindliness, 
sincerity, and loyalty endeared him to his students and colleagues. 

Charles Bernard Jordan 


Morrice, Michigan Chicago, Illinois 

November 7, 1878 April 22, 1941 

To few men is given the opportunity to build a department of a 
great university into a school that merits and receives national recog¬ 
nition, but such was the happy privilege of Charles Bernard Jordan. 
Coming to Purdue in 1910, immediately following his graduation from 
the Michigan College of Pharmacy, as head of the Department of 
Pharmacy and professor of pharmaceutical chemistry, he guided the 
work of his department with such skill and foresight that it became 
the School of Pharmacy in 1924 and he was installed as dean. 

Dean Jordan had early shown these qualities of leadership for, 
following his graduation from the State Teachers* College at Ypsilanti 
in 1904, he became and remained superintendent of the Morrice, Michi¬ 
gan, schools for four years. Becoming interested in pharmacy he served 
an apprenticeship with a local druggist and then entered the Michigan 
College of Pharmacy, graduating in 1910 and receiving the Master's 
degree in 1912. 

Esteemed and highly respected as a teacher by his pupils, and 
recognized as an able administrator and scientist by his colleagues, 
Dean Jordan was able to wield an ever expanding influence in the field 
of pharmacy. He joined the American Pharmaceutical Association in 
1909 and soon became a leader in the organization, served on many of; 
its important committees and helped to direct its work and shape its 
policies. He presented papers frequently and regularly before the 
Scientific Section and the Section on Education and Legislation of *the 
Association, and it was just after he had given an address before the 
Chicago Branch that he was stricken with the heart attack that led 
to his death a week later. 

He was also very active in the American Association of Colleges of 
Pharmacy. He was its president in 1918-19 and served as chairman of 
its Executive Committee for thirteen years, which enabled him to help 
decide many questions pertinent to the rapidly advancing educational 
standards in American pharmacy. This was reflected in the develop¬ 
ment of the course in pharmacy at Purdue from a minimum of two 
years to a standard four years in 1930 and the addition of graduate 
courses in recent years. Dean Jordan was also a member of the Ameri¬ 
can Council on Pharmaceutical Education, the highest tribunal in edu¬ 
cational pharmacy. 
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He served as a member of the Committee of Revision of the United 
States Pharmacopoeia from 1920 to the time of his death, and he was 
chairman of the Subcommittee on Proximate Assays since 1930. He 
was also author of a textbook entitled Qualitative Analysis for Students 
of Pharmacy 1 and Medicine , and he wrote many papers on drug assay, 
pharmaceutical education and professional pharmacy. For a number 
of years he edited the section on the American Association of Colleges 
of Pharmacy which appeared monthly in the journal of the American 
Pharmaceutical Association. 

In recognition of his outstanding work the degree of Doctor of 
Science was conferred upon him by Ohio Northern University in 1933 
and by Rutgers University in 1940. 

Dean Jordan was also active in state, university and community 
affairs. Through his influence the first student journal of pharmacy 
to be published in the United States was started at Purdue in 1924. 
The pharmacy extension service was established in 1930, the Annual 
Druggists 7 Business Conference was begun in 1931, and in 1940 the 
annual Drug Clerks 7 Short Course was inaugurated. He was an honorary 
member of the Tippecanoe County Medical Association, and served as 
an instructor in St. Elizabeth Hospital School of Nursing in Lafayette, 
and for the past two years was president of its Nursing School Board. 

Dean Jordan was a member of Sigma Xi, the American Chemical 
Society, the American Association for the Advancement of Science, 
the Indiana Pharmaceutical Association, and several other organiza¬ 
tions. He had been a member of the Indiana Academy of Science 
since 1924 and he was also a Fellow. 

Charles Bernard Jordan served the State and Purdue well and his 
influence will be felt for many years in the improved standards and 
service of the profession for which he did so much. 

William Newton Logan ■* 

Barboursville, Kentucky Bloomington, Indiana 

November 4, 1869 August 27, 1941 

William Newton Logan, for twenty years professor of geology at 
Indiana University, passed away after a lingering illness. Before coming 
to Indiana Dr. Logan had graduated from the University of Kansas 
where he received both the Bachelor's and Master's degrees in 1896. 
He then became a superintendent of public schools for two years fol¬ 
lowing which he received a fellowship in geology at the University 
of Chicago which enabled him to complete the work for the doctorate 
in 1900. He immediately accepted a position in St. Lawrence University 
in New York as Professor of Geology and Mineralogy. In 1903 he 
became geologist and mining engineer in the Mississippi Agricultural 
and Mechanical College and geologist for the Experiment Station. Three 
years later he was made Dean of the School of Science in addition to 
his other duties. He also was geologist for the Mississippi Geological 
Survey from 1903 to 1916. He accepted a position as associate professor 
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of geology and mineralogy in 1916 in Indiana University and was made 
full professor three years later, at which time he also became State 
Geologist. He retired from active service in 1936 on account of ill 
health. 

Dr. Logan had at some time been a member of the Kansas and 
New York Geological Surveys. Besides his Reports as state geologist, 
he was author of many other papers on paleontology and geology of 
Kansas, Wyoming, Maine, New York, Mississippi and Indiana, and on 
various coal, oil, gas, and other studies including the conservation of 
natural resources. 

He was a member of the American Association for the Advance¬ 
ment of Science, the Geological Society of America, the State Academies 
of Kansas and Mississippi, and a Fellow of the Royal Society of Arts. 
He was also a Fellow of the Indiana Academy of Science. 

Dr. Logan attended the meetings of the Indiana Academy regularly 
until his health failed, and he frequently presented papers on its pro¬ 
grams, Somewhat retiring in nature he was ever the Southern gentle¬ 
man. He was an able teacher and administrator, and successful as a 
geologist. 


Clinton Albert Ludwig 


Windfall, Indiana . Washington, D. C. 

October 20, 1886 ^ January 7, 1941 

Although a non-resident of Indiana for a quarter of a century 
Clinton Albert Ludwig ever remained a Hoosier at heart. Born on a 
farm near Windfall he finished his public school education at Brookville 
and he continued his interest in Brookville High School through the 
years by conducting the Peace Prize Contest there under the title of 
“Unknown Alumnus.” He joined the Academy in 1911 and had main¬ 
tained a continuous membership for thirty years. 

Following his graduation from Brookville High School he taught 
school for two years and then entered Purdue where he received the 
degree of Bachelor of Science in Agriculture in 1912. He made an 
exceptional record as a student at Purdue which secured for him an 
assistantship in botany at the University of Illinois. However, after one 
year, he returned to Purdue as an assistant in the Agricultural Experi¬ 
ment Station where he remained for two years during which time he 
received the Master’s degree in 1914. He then attended the University 
of Michigan for two years, being a Cole Fellow the second year, and 
received the doctorate in 1917. The next year was spent at Lawrence 
College as an instructor, after which he entered the United States Army. 
Following the close of the war he accepted a position as associate botanist 
and plant pathologist at the South Carolina Experiment Station, Clem- 
son College, where he remained until 1928 when he was appointed asso* 
ciate plant pathologist in the Bureau of Plant Industry of the United 
States Department of Agriculture. He held this position at the time 
of his death. 
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Dr. Ludwig was recognized as an authority on plant problems, 
particularly in the specialized field of legume symbiosis. While at Clem- 
son College he handled much of the correspondence of the Experiment 
Station having to do with plant diseases and he conducted research on 
cotton diseases and cotton physiology. His later researches were on 
plant nutrition and bacterial fixation of nitrogen, particularly as it 
occurs in leguminous plants. He also made studies of plant respiration, 
intermediate carbohydrate metabolism in plants, and the forms of nitro¬ 
gen utilized by plants. The results of his investigations were published 
in some twenty-five papers appearing in various scientific journals. 

While a student at Purdue Dr. Ludwig was elected to Sigma Xi and 
to the Indiana Academy of Science. He held membership in the Botanical 
Society of America,' American Phytopathological Society, Washington 
Botanical Society, and the South Carolina Academy of Science. He was 
a Fellow of the American Associatiqn for the Advancement of Science. 

Dr. Ludwig was a quiet, diligent, conscientious scientist whose work 
was characterized by thoroughness and accuracy. He was deeply inter¬ 
ested in making the world a better place in which to live and he believed 
in and hoped for the achievement of world peace through world organ¬ 
ization. Certainly the world has need of more scientists of his kind. 

William Albert Noyes 


Independence, Iowa Urbana, Illinois 

November 6, 1857 October 23, 1941 

When the Indiana Academy of Science held its Fiftieth Anniversary 
Meeting in Indianapolis in 1934 ten of the then known living fifteen 
founders were present at the meetings. Among these ten founders 
was William Albert Noyes. Dr. Noyes with others made a brief address 
at the Founders’ Banquet and received the Academy Certificate of 
Appreciation given to all the founders present. Since that memorable 

occasion eight of the then living founders are known to • be 1 no longer 

with us. 

Dr. Noyes received his general college education at Grinnell College 
from which he received the A.B. and B.S. degrees in 1879 and the A.M. 
degree in 1882. After one year as an assistant at Grinnell he entered 
Johns Hopkins University and secured his doctorate in 1882. The next 
year he spent as an instructor at the University of Minnesota and he 
then went to the University of Tennessee as professor of chemistry 
where he remained for three years. In 1886 that great scientist Thomas 
Corwin Mendenhall became President of the Rose Polytechnic Institute at 
Terre Haute and Dr. Noyes was appointed professor of chemistry. 
There Dr. Noyes began that notable career that was to bring to him an 
international reputation as a chemist. He remained at Rose Polytechnic 
for seventeen years but during that time he went abroad and received 
the Ph.D. degree from the University of Munich. Also during that time 
several other outstanding scientists, Thomas Gray and Alexander Smith, 
were professors at Rose Polytechnic, so that the academic atmosphere 
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was excellent. In 1903 he accepted the position of chief chemist with 
the United States Bureau of Standards, and in 1907 he became professor 
of chemistry and director of the chemical laboratory at the University 
of Illinois. He reached the retirement age in 1926 and then became 
emeritus director. 

Following his appointment at Illinois Dr. Noyes received frequent 
recognition for his outstanding research in chemistry. He received the 
Nichols Medal in 1908, the Willard Gibbs Medal in 1920, and the 
Priestley Medal of the American Chemical Society in 1935, and he was 
a delegate to the International Congress of Chemists in Rome in 1938. 



However, while still at Rose Polytechnic, he was elected secretary and 
vice-president of the chemistry section of the American Association for 
the Advancement of Science in 1890 and 1896 respectively, and he became 
editor of the Journal of the American Chemical Society in 1902 which 
he edited for the next fifteen years. Dr. Noyes was probably one of the 
most active members of the American Chemical society for he was 
secretary for five years 1903-1907, editor of Abstracts for three years 
1907-1909, president in 1920, editor of Chemical Reviews 1924-1926, and 
editor of Chemical Monographs from 1919-1941. He was honored with 
election to the National Academy, the Philosophical Society, and as a 
Fellow of the American Academy of Arts and Sciences. He was also 
a member of the German Chemical Society, the Illinois Academy of 
Science, Phi Beta Kappa, Sigma Xi, and a number of other professional 
societies. One of the greatest honors paid him was the naming of the 
Noyes Laboratory of Chemistry after him. The University of Pitts¬ 
burgh and Grinnell College conferred honorary doctorates on him. 
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Dr. Noyes was the author of a number of textbooks in chemistry, 
the first appearing in 1888 and the last, in collaboration with his son 
W. Albert Noyes, Jr., appearing in 1932. He was deeply interested in 
social and economic problems. He served from 1917 to the time of his 
death as secretary of the Illinois State Board of Natural Resources and 
Conservation. The international problems having to do with peace 
concerned him greatly and he wrote several books and numerous papers 
on that subject. He was the author of many scientific research, eco¬ 
nomic, and religious papers. 

Many great scientists have been members of the Indiana Academy 
of Science and just as David Starr Jordan, John M. Coulter, John C. 
Branner, Barton W. Evermann, and others maintained their interest 
and membership in the Academy to the time of their deaths, so did 
William Albert Noyes, and the Academy honors him as a great chemist 
and its president in 1894. 

Samuel Elliott Perkins III 


Indianapolis, Indiana Indianapolis, Indiana 

May 8, 1878 January 31, 1941 

Samuel Elliott Perkins III bore the unusual distinction of being 
very successful in law, his profession, but enjoying greater recognition 
and fame as an expert on ornithology, his avocation. A great lover of 
nature, he had few equals in field work in bird study and his record of 
eighteen years of bird banding, during which time he banded thousands 
of birds, made him an authority in this phase of nature study. 

He came of a distinguished family of lawyers, his grandfather 
Samuel E. Perkins I being a Judge of the Indiana Supreme Court and 
his father a prominent attorney in Indianapolis. Educated in the 
Indianapolis public schools, he attended Wabash College and graduated 
in 1900. He then took up the study of law and graduated from the 
Indiana Law School in 1902. He carried on an active practice of law 
in Indianapolis except for three years which he spent in Maryland as a 
field lecturer for the National Association of Audubon Societies and the 
state game division and the state board of Education in Maryland. He* 
served as treasurer of the Indianapolis Bar Association for thirteen 
years from 1906 to 1918. Ill health forced his retirement from active 
law practice three years before his death but he kept up his work in 
ornithology as long as he was able. 

Mr. Perkins was an honorary member of the Nature Study Club of 
Indiana and served as its president for six years. He was at one time 
president of the Indiana Audubon Society, and he held membership in 
the Wilson Ornithological Club, the American Ornithologist’s Union, the 
Inland Bird Banding Association, and the Indiana Historical Society. 
He was the author of some three hundred articles which appeared in 
newspapers and scientific journals. 

Samuel E. Perkins had a charming personality, a keen sense of 
humor, ready wit, and boundless enthusiasm which he was able to 
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communicate to others. An interesting speaker and writer he was 
ever active in working for the protection and conservation of bird life. 

Mr. Perkins was a most valued member of the Academy and he had 
rendered notable service in arranging and taking charge of the Academy 
Exhibit at the Fiftieth Anniversary Meeting in 1934. He also served 
on the Academy committee to cooperate with the Indianapolis committee 
in arranging for the meeting of the American Association for the Ad¬ 
vancement of Science in Indianapolis in 1937. His passing is keenly 
regretted by all bird lovers and nature study enthusiasts of the state. 

Albert Livingston Rabb 


Indianapolis, Indiana Indianapolis, Indiana 

January 13, 1893 September 13, 1939 

Owing to the swift tenor of American life the professional man is 
frequently found pursuing an avocation seemingly far removed from 
his special interests and often little known to any but his closest friends. 
Albert Livingston Rabb, a prominent attorney of Indianapolis, was a 
lover of roses and probably had the largest individual rose garden in 
the state, his garden containing some 850 rose bushes. Thus his interest 
in science was somewhat specialized. 

He was born in Indianapolis and his home was there all his life. 

His father was also a prominent lawyer being United States Referee 

in Bankruptcy for many years, and his mother was the well known 
author and authority on Indiana history, Kate Milner Rabb. Mr. Rabb 
graduated from Shortridge High School in 1909 but owing to his youth 
he did not enter Indiana University until the following year. He gradu¬ 
ated from Indiana University in 1914 with Phi Beta Kappa honors. 
Entering the Harvard Law School he completed his course in 1917 and 
then became secretary to the Honorable Merrill Moores at that time 
Representative in Congress from the Indianapolis district. In 1918 he 
became associated with a prominent law firm in Indianapolis and six 
years later became a member of the firm. In 1937 he and one of his 
associates, Mr. William H. Thompson, formed the firm of Thompson 
and Rabb. 

Mr. Rabb was a very able lawyer and took a large part in much of 
the important litigation before the federal and state courts in Indiana 
in recent years. He drafted important pieces of legislation for the 
Indiana General Assembly. He was at one time a member of the State 
Excise Board, and he was secretary of the State Police Board at the 
time of his death. He held membership in the American, Indiana State, 
and Indianapolis Bar Associations. His reputation as a lawyer was 
national. 

He was a loyal alumnus of Indiana University, being one of the 
incorporators of the Indiana University Foundation, and he became a 
member of the Board of Trustees in 1936. He was also active in the 
direction of the Park School for Boys in Indianapolis and was president 
of its Board of Trustees. 
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Versatile, keen and extremely well read not only in law but in 
general literature, he was nevertheless modest, unassuming and thought¬ 
ful of others. He frequently aided young people in acquiring an educa¬ 
tion. He was a devotee of detective fiction and intensely interested in 
all forms of athletics although denied general participation on account 
of impaired eyesight. Loyal and devoted to his friends his death is a 
real loss. 

James Troop 


Bennington, New York Champaign, Illinois 

March 14, 1853 October 14, 1941 

The history of horticulture in Indiana is very interesting. The 
first Indiana Horticultural Society was organized in 1842 and perished 
a few years later on account of the difficulties and loss of time in travel 
and because of the pear blight. In 1860 the Indiana Pomological Society 
was formed and this became the second Indiana Horticultural Society 
in 1864. Twenty years later, in September, 1884, James Troop came to 
Purdue University as head of the Department of Horticulture and Ento¬ 
mology. There was at that time only one other teacher on the agri¬ 
cultural faculty at Purdue. That winter sub-zero weather killed most 
of the fruit trees in the state, and in order to help meet the demand 
for trees to replant the orchards, Professor Troop obtained one hundred 
trees from Russia and started research work in horticulture. 

Professor Troop was graduated from Michigan State College in 
1878, and among his associates there were Clarence P. Gillette *and 
Liberty Hyde Bailey. He then did a year of graduate work at Cornell 
University which was followed by another year at Harvard University. 
He returned to Michigan State College in 1880 as a teacher and remained 
there four years, receiving his Master of Science degree there in 1882. 
Coming to Purdue in 1884, he was head of the Department of Horti¬ 
culture and Entomology for twenty-eight years, or until 1912 when 
the department was divided and he became head of the Department of 
Entomology which position he retained until 1920 when he was retired 
as professor emeritus. However, he remained active about the Uni¬ 
versity and retained his connection with the University up to the time 
of his death, or for a period of fifty-seven years. 

He was State Entomologist from 1899 to 1907, in which position he 
had charge of the regulatory work in the state including nursery in¬ 
spection. Prom 1896 to 1901 he was secretary of the Indiana Horti¬ 
cultural Society, and he was its president in 1933. He was the author 
of several textbooks and numerous papers and bulletins on horticulture 
and entomology. He did outstanding research work on the control of 
the apple worm. Being a pioneer in horticulture and to a large degree 
responsible for the development of this industry on a scientific basis in 
the state, he was affectionately known as the “Grand Old Man of Indiana 
Horticulture.” 

Professor Troop was a member of the American Association for the 
Advancement of Science, the Entomological Society of America, the 
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Association of Economic Entomologists, and the Pomology Society. He 
was a charter member of the Purdue chapters of Alpha Zeta, agriculture 
fraternity, and Acacia, Masonic fraternity. At the time of his death 
he was the second oldest living member of the Indiana Academy of 
Science, being junior only to his long time colleague, Dr. J. C. Arthur. 

Not only was he an excellent teacher, but he was also a sympathetic 
and wise counsellor, and a good friend of his students. For many years 
he was superintendent of the West Lafayette Baptist 1 Church Sunday 
School. He was past commander of the Lafayette Commandery of the 
Knights Templar, of which he was also a prelate for thirty-three years. 

The State of Indiana owes much to James Troop, for through his 
teaching and research he undoubtedly made a tremendous contribution 
to the fruit growers and orchardists of the state. Much of his work 
was of the enduring kind from which future generations will benefit. 

Arthur Albert Wedel 


Moundridge, Kansas ’ Los Angeles, California 

February 16, 1898 May 7, 1941 

Arthur Albert Wedel was a prominent young geologist associated 
with the Pacific Division of the Pure Oil Company and his untimely 
death at the age of forty-three, following an operation, cut short a 
most promising and useful career. He received his early education in 
the Moundridge, Kansas, schools and then entered Bethel College. Be¬ 
coming deeply interested in geology and paleontology, following his grad¬ 
uation from Bethel College, he studied at Oberlin, DePauw and Cornell 
Universities, and received the doctorate from Cornell in 1930. While 
preparing as a geologist he taught for seven years at different times 
in the public and high schools of his native state. He entered the 
service of the Pure Oil Company in 1930. On account of the nature 
of his work as a field and' sub-surface geologist he carried on his studies 
in Texas, Oklahoma, Colorado, Missouri, Kentucky, Mississippi and New 
Mexico, and thus acquired a wide acquaintance among workers in his 
field. 

Dr. Wedel was respected as a leader in geological research and 
many of his ideas were followed out by oil geologists. The results of 
his researches appear for the most part in reports filed with his Company 
and are characterized by careful, thorough, painstaking work. He was 
a member of Sigma Xi, the American Association of Petroleum Geolo¬ 
gists, the Society of Economic Paleontologists and Mineralogists, the 
American Association for the Advancement of Science, Paleontological 
Research Institution, and the Mineralogical Society of America. 

He was somewhat retiring in nature but intensely loyal to his 
friends and associates. His interest in geology was more than profes¬ 
sional for he was also deeply interested in any interpretations of phil¬ 
osophy that might be derived from geology and paleontology. His work 
was carried out in the spirit of contributing to the welfare of his fellow- 
men. 
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The Indian as a Corn Breeder 

Paul Weatherwax, Indiana University 

That the Indian corn plant was a dominant factor in the develop¬ 
ment of the cultures of ancient America is admitted by all who have 
investigated the subject in any way. It was a plant ideally suited to 
hand cultivation in a land which had no animals that could be used to 
pull a plow. With it, the Indian had a way to a certain degree of 
leisure and economic security; without it, he usually lived on what 
nature provided and seldom knew what the next day would bring. When 
he grew corn, he had to keep his wits about him, and his reward was 
in. proportion to his energy and intelligence. This combination of cir¬ 
cumstances marked a straight road toward civilization. 

The Indian abundantly acknowledged his debt to this plant. He 
established his settlements in places where it would grow well or fitted 
his migrations to its requirements. Significant times in its life cycle 
were set aside for special religious observances, its growth habits became 
a part of his folklore, its ear and tassel were conventionalized to adorn 
his pottery and his buildings, and the origin of the plant itself was 
woven into his religious mythology. 

Interesting as it would be to go more deeply into the part which 
the corn plant played in the life of pre-Columbian America, I prefer 
at this time to consider another aspect of the subject, namely, the 
changes which the Indian made in the plant itself during the centuries 
while he was its custodian. Instead of reviewing what the corn plant 
did for the Indian, I wish to consider what the Indian did to the corn 
plant. 

The logical way to begin this story would be to tell you exactly what 
kind of plant it was that the Indian first domesticated, but the inter¬ 
esting paths that we have followed in our search for this have all ended 
in a maze of uncertainty. Nowhere on earth has there yet been found 
any plant which fits the theoretical specifications of the wild progenitor 
of corn. We have here only the dubious consolation that the situation 
is almost as bad in the case of most other staple crop plants. 

All possible sources which have been searched for direct evidences 
on the question have proved fruitless. There are many Indian stories 
about the origin of corn or of agriculture, but all of them involve some 
supernatural, or at least unnatural agency. On second thought, these 
stories could not be expected to hold much of scientific value. Any Indian 
who was present at that remote time when his race first began to culti¬ 
vate corn would probably not be competent to make observations and 
records even if he knew the importance of what was going on; and the 
domestication of any plant has been such a gradual process, with its 
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future importance ^so little foreseen, that it is perfectly natural that 
the records of such processes will always be unsatisfactory. 

Various early explorers have reported seeing wild corn or hearing 
of it, but the value of this evidence is seriously impaired by the generic 
use of the word “corn” to include many species whose seeds are used 
for food, by the incompetence of the untrained observer, and by the 
lack of any substantiating material evidences. 

In spite of reports to the contrary,, no fossils of the corn plant 
are known (7), and it is not very probable that any will ever be found. 
The structure of the plant and the conditions under which it has grown 
are not suitable for fossilization. 

Archeological investigations have brought to light large quantities 
of grain, cobs, and stems of the plant, and these are useful in determining 
cultural affinities and sequences, but they are so recent that, as far as 
their bearing on our problem is concerned, they might almost as well 
have come from a cornfield of last year. 

We come- at last to the botanical evidences—to an examination of 
the plant itself to find what reminders of its past still linger in it, and 
to a comparison of it with the two wild grasses which seem to be its 
nearest relatives. 

One of these is Tripsacum. Its six, seven, or more species occupy 
overlapping ranges from the latitude of Massachusetts, Michigan, and 
Nebraska southward far into South America. All of its species are 
perennial, and the forms with broad leaves resemble corn. There is also 
some resemblance between the two in the form of the inflorescence, but 
there are also some very distinct differences. The other genus is Eu~ 
chlaena, better known under its common Aztec name, teosinte . There 
are two species, a variable annual one, native of Mexico and Guatemala, 
and a perennial one known from only a single locality in Mexico. The 
two look much alike, and either might easily be mistaken for corn; 
but they differ from it distinctly in the form of the female flowers and 
the fruitss 

The close relationship of corn and teosinte, and to a less extent, 
Tripsacum, is further shown by their genetic compatibility, All ordinary 
kinds of corn hybridize with annual teosinte as readily as with one 
another, and the hybrids are fertile; but it hybridizes less readily with 
perennial teosinte. It is possible also to cross corn with Tripsacum, but» 
a highly artificial technique is necessary, the percentage of crosses is 
very low, and the hybrids are not very successful (5). Only a single 
cross between Tripsacum and teosinte has ever been reported, but the 
corn-Tripsacum hybrid has been crossed with teosinte. 

This genetic deportment may be partly explained by the cytological 
character of the three genera. The diploid chromosome number for corn 
and annual teosinte is 20, for perennial teosinte it is 40, and for the 
species of Tripsacum chiefly concerned in the experimental work it is 72. 

A few other plants make contributions to the story, but from these 
three genera, Tripsacum, teosinte, and corn itself, has come the main 
body of evidence as to the nature of the primitive corn plant. 
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Tripsacum has been known to science for nearly 200 years. Its 
similarity to corn was early recognized, and at times there was some 
speculation as to the relationships of the two; but they are sufficiently 
different that any idea that Tripsacum is wild corn has been only ten¬ 
tatively advanced at any time. 

Teosinte was discovered more than 100 years ago, but it was not 
until about 1875, or a little later, that it began to be seriously con¬ 
sidered in connection with the origin of corn. The resemblance of the 
two species made it easy for the popular mind to assume that teosinte 
was the wild corn plant and that, at some remote time, the Indian 
recognized its usefulness, placed it under cultivation, and instituted a 
process of selection which resulted in the corn plant. 

There.are at least two published accounts of experiments—one of 
them made by Luther Burbank—which have purported to show that 
teosinte can be changed into a plant something like corn by selection over 
a period of years. These experiments are completely invalidated, how¬ 
ever, by good evidences that, in both instances, they started with hybrids 
between corn and teosinte; but they have received enough publicity to 
confuse the thinking of many who have not weighed carefully the 
botanical evidences. 

Among those who have accepted this idea at its face value are many 
students of the American Indian, and we find in various works on 
archeology and anthropology the statement that the Indian domesticated 
“a wild grass” and produced Indian corn. Sometimes the grass is 
specifically named as teosinte. Sometimes the statement is varied so 
that “three wild grasses” are said to have produced the “three principal 
varieties of corn.” Inquiries as to what the three wild grasses were, 
or, for that matter, what the three principal varieties of corn are, 
have always been thrown back at some vague botanical authority with¬ 
out documentation. 

The corn plant may have come from Tripsacum or teosinte, but 
there are some grounds for question. Both of these plants are more 
highly specialized in some ways than is corn, Tripsacum particularly 
so, and for either to develop into corn it would be necessary for it to 
back out some distance and take another road. It has been difficult also 
to see what inducement there would have been for the Indian to culti¬ 
vate either of these plants in the first place. The seeds of both are 
small and completely enclosed in hard, horny, inedible shells, and the 
labor of preparing them for food would be far out of proportion to their 
value. 

These objections are of sufficient weight that ten years ago probably 
no botanist well informed on the subject would have seriously considered 
the idea that corn came directly from either teosinte or Tripsacum, but 
two lines of evidence have considerably changed the situation in the 
last few years. 

One of these is a better understanding of the ear of corn. It is 
undeniably a very remarkable structure, without an equal among the 
cereals for economic adaptability. We once thought that it had no mor¬ 
phological parallel in the grass family and felt obliged to account for it 
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by the lateral fusion of simple branches, the twisting of a spike, or some 
inexplicable monstrous development. We now know, however, that, at 
least in a qualitative sense, the inflorescences of such genera as Pen- 
nisetum, Cenchrus, and Setaria are built on exactly the same pattern 
as an ear of corn, and its explanation becomes comparatively simple (7). 
It is conceivable that a single mutation or simple combination of muta¬ 
tions in teosinte might have given to. the growing point of the inflores¬ 
cence and to the developing grain an increased vigor which would have 
laid the foundation for the development of a structure like an ear of 
corn. 

There has been found also a characteristic of the seeds of teosinte 
which may have made them useful to primitive man before he knew 
anything about corn. When these seeds are heated, they pop like pop 
corn or the seeds of many other grasses, and the explosion is sufficiently 
violent to free the popped seeds from the surrounding hulls, thus making 
them readily available for food(l). This recalls a vague account of 
wild corn in Mexico 200 years ago and a tradition that the Indians first 
learned to use it for food when they found the parched grains in burned- 
over forest areas (6). Is it possible that the Indians did use teosinte for 
food until they developed a better plant from it? Or are we merely 
being treated in this story to another version of the Old World disserta¬ 
tion on roast pig? 

It seems to me more likely that the ancient corn plant was neither 
Tripsacum nor teosinte but another plant which is now extinct or so rare 
that it has not thus far been found. It should be much like teosinte and 
probably less like Tripsacum, and it should have with them a common 
ancestry in some ancient stock which has now disappeared. 

These views have developed to the accompaniment of a complex 
of theories to the effect that the corn plant originated as a hybrid 
between teosinte and some other species. This idea has been supported 
by several investigators and has taken different forms at different 
times (2, 3,4,5, 7). The only constant feature of these is that the plant 
had a hybrid origin and that teosinte was one of the parents. To find 
fhe other parent in theory seems to be about as difficult as to find the 
wild plant itself. 

Although it sidetracks us from our main quest, there is still another 
theory of the relationships of these three genera which must be consid¬ 
ered (5). Its chief tenet is that teosinte came from a hybrid between 
corn and Tripsacum. It is based upon the fact that the two plants can 
be hybridized if Tripsacum pollen is applied to corn silks which have 
been cut back to about an inch in length; and it is supported by an 
imposing array of genetic and cytological data. It is probably not 
simplifying this theory too much to say that it pictures teosinte as a 
kind of corn which has exchanged a few of its genes for corresponding 
genes of Tripsacum, a condition which might be expected if the first- 
formed corn-Tripsacum hybrid were back-crossed with corn. 

For our present purpose, the chief significance of this theory is that 
it takes teosinte completely out of the picture as far as the ancestry 
of the corn plant is concerned. It is then no longer necessary to limit 
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our search for the wild plant to the regions where teosinte is native. 
The adherents of this theory now point to the Andean region of South 
America as the more probable place of origin. This has always been 
a welcome idea because of the high agricultural civilization of the Incas 
and the great diversity of types of corn which they grew, but we could 
never quite reconcile the origin of corn there with the general distribu¬ 
tion of its nearest relative, teosinte, in Mexico and Guatemala. 

It is now suggested that corn originated in South America and 
was later brought to Central America and Mexico, where it gave rise 
to teosinte by hybridizing with Tripsaeum. The time of this event is 
even placed as late at 600 A.D. when the corn-growing Mayas migrated 
from the lowlands of Guatemala to the mountains where Tripsaeum 
grows. 

This concept turns our search to South America and revives interest 
in certain early reports that pod corn once grew there. Pod corn is 
a peculiar variety in which each individual grain is covered with husks 
in addition to those which normally cover the entire ear. The plant 
also has other primitive characteristics. It sometimes has mixed in¬ 
florescences and bears grains in its tassels; and, in the ear, it sometimes 
revives a long-lost characteristic and produces two grains where ordinary 
corn produces only one. But the primitive and the highly specialized are 
combined in it in such ways that it is difficult to say whether it should 
be regarded as a primitive plant or as an ordinary corn plant which 
has picked up a few primitive characteristics. 

These are the principal imaginary pictures of the forerunner of 
our Indian corn plant. I cannot tell you which one of them is right. 
If I could, we could then discard all the theories and replace them with 
one fact. No one of them can at present be shown to be wholly right 
or wholly wrong. I like some of them better than others because they 
seem to employ more of the factual material and organize it more 
logically; but other investigators place different values on the facts 
and favor other interpretations; all of us change our views from time 
to time as the study develops. 

I suppose that all who are working on the problem cherish the hope 
that the wild corn plant will some day be discovered, but the odds are 
none too favorable, and the search will not have been wholly fruitless 
if the plant is never found. In view of all this uncertainty, what are 
we to look for when we go into botanically unexplored regions in the 
hope of finding this plant? And, if some fortunate explorer should 
find it, how would he be able to recognize it? 

This is an imaginary situation, and the answer to the question can 
be only an academic one, but I find it to be one of the commonest ques¬ 
tions which people ask about the plant. The final judgment of such a 
plant will have to be left to those who are well acquainted with the 
range of variation in corn, teosinte, and Tripsaeum as they are known 
at present, with their hybrids, and with a wide range of other species 
ordinarily placed in this part of the grass family. 

Although I cannot give you a complete picture of the wild corn plant, 
I can describe some significant characteristics which it probably had. 
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To do this I note certain general evolutionary tendencies prevailing in 
this part of the grass family and consider the numerous abortive organs 
of the modern corn plant, which indicate structures lost in its evolution. 

I should expect the wild corn plant to have something of the habit 
of teosinte; that is, it should be a profusely branched plant with many 
of the branches terminating in inflorescences. It would greatly simplify 
the problem if the plant were perennial by basal offshoots, as are many 
other grasses. Each inflorescence probably had both male and female 
flowers, but some were predominantly male and others predominantly 
female. The grains were probably surrounded by the chaff of the 
spikelets, as they are in most wild grasses and as they are in the ear 
of pod corn or occasionally in the tassels of all varieties. 

The ears of the plant were probably small and branched, with the 
branches disarticulating or the grains breaking away from them at 
maturity. If a definite step had been taken toward the development 
of an ear with six, eight, or more rows of grains and few or no basal 
branches, this would greatly facilitate the breeding from this of the ear 
of corn as we know it; and steps morphologically parallel with these 
have been taken in many other grasses which have never been domesti¬ 
cated. 

Whether or not the ear was surrounded by husks is more of a 
problem, but I think it not unlikely that it was at least partly surrounded 
and that there was a tendency for some of the ear-bearing shoots to 
shorten and develop at the expense of others. 

A plant like this would already have developed some of the character¬ 
istics which make the modern corn plant dependent upon man’s care, 
and it may have been already becoming rare and approaching extinction. 
If it grew in a favorable place, however, and had the*perennial habit* 
it might have held its own for centuries if the Indian had not come to 
its rescue. 

Wherever the domestication of the plant began, and whatever its 
exact form was at that time, it has apparently been under cultivation 
for many centuries. To change the self-sustaining, generalized wild plant 
into the extremely varied and highly specialized, but helpless plant that 
we know today must have taken a very long time—longer than an¬ 
thropologists would, a few years ago, have granted to man in America. 
But new studies have pushed farther and farther back the date of his 
coming, so that the time requirements are now pretty well met. 

Granting that we are not too far wrong in our picture of this plant 
in its undomesticated form, we may outline boldly some of the changes 
which have been made in it by man. The greater share of the credit 
for these modifications must go to the Indian races of long ago. There 
is no evidence of any fundamental botanical change in the plant within 
historic time. 

When we speak of the Indian as a plant breeder we do not imply 
that he, had any knowledge of the basic problems of heredity comparable 
with that which we have today. His technique was limited to selection, 
for he apparently knew nothing about hybridization. He undoubtedly 
observed pollen as he worked in the cornfields, and probably had his own 
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ideas as to its significance, but there is no indication that he knew any- 
ing about the part which pollen plays in the development of a grain of 
corn. On the other hand, there is at least one dependable account of 
how the Indians of the New England region, observing that varieties 
of different colors would mix if planted near each other, attributed this to 
the intermingling of the roots underground. Even if the Indian of a 
thousand years ago did not have a clear idea of the function of pollen in 
seed production, he was not far behind his white cousins across the 
Atlantic. The practice of definitely controlled pollination in the improve¬ 
ment of corn is an art now hardly more than twenty-five years old. 

Improvement by selection is a different matter. Although the 
mechanism of the process is sometimes the despair of the experimental 
analyst, the fact remains that plants can be profoundly changed by 
selection. The Indian knew many things about the preparation of the 
soil and the planting, cultivation, and harvesting of the crop. He also 
learned to save a part of the crop for seed, and it is almost inconceivable 
that he would overlook the advantages of saving seed from the plants 
which best suited his purposes. 

If other evidences were lacking, the large number of varieties of 
corn which were grown and kept separate from one another in various 
parts of the country would testify to the Indian’s knowledge of selection 
as a method of plant improvement. 

Probably the most conspicuous, and certainly one of the most signifi¬ 
cant morphological changes occurring in the corn plant since the be¬ 
ginning of its domestication has been the reduction of a complex system 
of branches to a simple stem with one, or at most only a few, ear¬ 
bearing branches. The comparatively simple plant in this respect is the 
aim of modern systems of breeding, because, in general, it gives the 
maximum yield per unit of area and facilitates harvesting; and its 
prevalence in some degree in practically all varieties developed by the 
Indians would seem to indicate that they gave it considerable attention. 
The ideal has been approached in varying degrees in different varieties, 
but almost all of them still have some basal tillers and some abortive 
ears on the main stem and in the axils of the husks of the functional 
ear. Differences in the degree of branching are hereditary, and, although 
the genetic analysis of these is difficult, both theory and practice indicate 
that the amount of branching can be reduced by selection. 

If the plants which branched least and had fewest ears consequently 
had the largest and best ears, and the Indian exercised any degree of 
choice in selecting seed, there would be a constant tendency 'toward the 
simple stem with one or only a few ears. It is also conceivable that the 
primitive method of cultivation served to accelerate this process. The 
prevailing custom was to plant the corn in hills, beds, or occasionally in 
rows, so that many plants grew close together; then the soil was gradu¬ 
ally heaped around the bases of the plants during the growing season. 
Under these conditions the plants which inherently showed the least 
tendency to produce basal suckers would have the best opportunity for 
superior performance, and, consequently, the best chance of being 
selected for seed. 
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This method of planting and cultivation had another effect about 
which we can speak with greater certainty. It is partly responsible for 
the plant's high intolerance of inbreeding. Self-pollination in corn is 
followed by a sharp decline in vigor. Teosinte and Tripsacum show no 
such effect. In all of these plants the pollen must travel through the 
air for some distance before alighting on the stigma where it is to be 
effective. In the freely-branching plants of Tripsacum and teosinte, 
where many inflorescences of identical origin are near together, there is 
a high probability of self-pollination and 'the maintenance of a hom¬ 
ozygous condition. In corn, however, where many individual plants of 
different genetic constitution may grow in a cluster, the chances of 
cross pollination are high, and, if the plant is variable, as corn is, the 
result is a highly heterozygous condition. It is in the loss of this 
heterozygous condition, and probably through the separation of dominant 
characters conducive of vigor, that we get the well-known decreased vigor 
as a result of inbreeding. 

The shortening of the ear-bearing branch until its leaf sheaths com¬ 
pletely cover the ear is at least simulated in many other grasses, but 
we know very little about how it has been accomplished. This charac¬ 
teristic does add to the usefulness of the corn plant by giving the ear 
a protective covering which is easily removed by hand, and thus it had 
an artificial survival value as the plant was being domesticated. It 
may have been foreshadowed in the wild plant; but, if so, it is to be 
regarded as a detrimental character under natural conditions because 
it prevents seed dispersal. The degeneracy of the chaff around the indi¬ 
vidual grains probably accompanied the retraction of the ear into its 
covering of husks, and pod corn recalls this condition. 

If the plant was originally a perennial, as I think it must have been 
to have been able to survive in spite of its handicaps, somewhere along 
the way it assumed the annual habit, thus carrying out a recognized 
general tendency in the evolution of plants, especially under cultivation. 

There are innumerable varieties of corn, but there is a uniformity 
throughout all of them in what we may call the fundamental pattern of 
the plant—the separation of male and female inflorescences, the highly 
specialized ear-bearing shoot, and the tendency toward an otherwise un¬ 
branched stem. This would indicate that the greater part of its develop¬ 
ment under the direction of man was accomplished in a single locality 
and that its general distribution came late in its history. The develop¬ 
ment of the numerous agricultural varieties, differing chiefly in the 
size of the various parts and the color and chemical composition of the 
grain is a recent and still progressive thing. 

The Indian's place in a world-wide anthropological pattern still 
presents many unanswered questions, and it taxes the imagination to 
picture what his destiny in America would have been if the coming of 
the white man had been delayed a few thousand years longer. Our 
histories of what we call the western civilization pass by the story of 
the Indian races as an incident outside the main stream of progress, 
and the Indian himself as hardly more than one of the physical obstacles 
to the exploitation of the American continents. But the Indian did send 
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into this stream one strong tributary. He took from the wild state a 
plastic grass plant of some sort and, by a process of breeding unsurpassed 
anywhere in the world at that time, he made of it the cereal which is so 
varied, so adaptable, and so efficient in turning raw materials into food 
that it has dominated American agriculture for 2,000 years and 
bids fair ultimately to extend its, influence all over the world. This 
achievement makes the Indian worthy of a longer chapter in human 
history. 
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A New Concept of Origin and Evolution* 

Arthur T. Evans, Miami University, Oxford, Ohio 

Since Darwin wrote his thought provoking paper on Natural Selec¬ 
tion in 1859, work has continued to be directed toward further enlight¬ 
enment on the subject of origin and evolution. Today there still are 
puzzling angles to be considered and explained. For example, the 
presence in the Pevonian of a well-developed flora and fauna about 
the poles, the fossils of which give every evidence of having been de¬ 
veloped in a warm climate, is difficult of explanation in the light of 
climatic conditions as they are today. The occurrence of such a flora 
at so early an age as the Devonian does not make matters clearer. 
Seward in “Plant Life Through the Ages,” said, and passingly re¬ 
affirmed again in his address as President of the British Association 
for the Advancement of Science on August 30th, 1939, “The existence 
as far north as Lat. 77° N. of a luxuriant vegetation, including plants 
in no way inferior in development to the closely allied or identical 
species of the Donetz Basin of Russia, raises the difficult question of 
climatic contrast between the past and the present, a problem which 
confronts us through the whole of geological history and still awaits 
a satisfactory solution.” The puzzling situation of fossilized plants 
in the Arctic, similar to plants of warm regions, has been a difficult 
thing to explain. 

In the course of a series of studies begun - more than a dozen years 
ago and undertaken with more vigor during the past five years, a 
number of interesting points bearing upon the subject have come to 
mind and are deemed worthy of recording. Any thought given the 
matter must of necessity assume at this time a consideration of the 
beginnings of the earth as well as a theoretical consideration of the 
whole solar system. Rising on strong wings, one must view the drama 
of the universe, and of life, from afar. We must appreciate the in¬ 
significant span of recorded human history as compared to the present 
age of the earth and its unreckoned futupe. 

Since this paper is to have an ecological outlook, it would seem 
fitting to define our term. This may be fatuous, but ecology is a study 
of the interrelationships of various plants growing together under 
variable conditions of moisture, temperature, light and edaphic condi¬ 
tions. 

It would seem to me justifiable to assign to the earth a period of 
existence just as to everything else which we know. On this curve 
of existence the earth is traveling along and will eventually reach 
maturity and old age, then will presumably lose all those delightful 
attributes which are part of it today. If this be true then the earth 
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may have run some distance in maturity—to such an extent that I now 
believe it to be declining. 

Scientific work has produced much evidence of former floras now 
existing as fossils about the North and South Poles, despite the fact 
that these poles are the very antithesis of one another. The North 
Pole is in the midst of a great Polar Sea whose islands bear the fossil 
evidence, while the South Pole is located on a great elevated land mass 
with many high mountains. These fossil records leave little doubt as 
to the authenticity of such early floras. If we assign these fossils to 
the polar regions by right of plants which have grown there, then we 
must logically expect that the climates there at that time were at least 
somewhat similar to the climates where their nearest relatives are living 
today. The progenitors of so well-developed a flora would be expected 
to have antedated them in the region where the fossils are found. Since 
their nearest living relatives today are tropical, subtropical, or warm 
temperate, we must believe then that the poles were once possessed 
of a somewhat warmer climate. 

It has been the practice of some paleobotanists, puzzled by the 
discovery within the polar regions of fossils of former plants and ani¬ 
mals closely allied to those of the subtropical or even the tropical, to 
assume instability of the earth's axis. Accurate measurements have 
given little encouragement to the theory of drifting continental masses, 
though in fairness it must be said that the lapse of time seems inade¬ 
quate to be sure of conclusions from such measurement. If we do not 
accept the Wegenerian hypothesis of drifting continents we must seek 
other explanations. We are led to believe that uniformity of climate 
would seem to account for world-wide distribution of Archeopteris and 
other genera in the Devonian. But need this have been uniformity? 
Perhaps it may have been progressive development as climate and vege¬ 
tation progressed through easy stages from the poles equator-ward. 
Our thinking is often conditioned by the present and we sometimes 
fail to remember that past climates need not necessarily have been 
the same as now. We come to think that the polar regions should 
always have been cold. I believe the poles have been cooler than the 
equator since the first crustal formations; that is, when they were first 
cool enough for life to exist the equator was too hot for life to develop. 
This may account for the few specimens of Devonian flora found equator- 
ward beyond the Tropic of Cancer and Tropic of Capricorn. 

Jeffery says that the more ancient the epoch, the warmer the 
climate; and also that there has been a gradual and progressive re¬ 
frigeration during geologic times. He believes the organization of 
secondary wood in extinct plants furnishes the most reliable evidence 
of climatic conditions, for toward the end of the Paleozoic, growth rings 
began to appear in woods in high latitudes; tangential pitting did 
not appear before the early Mesozoic. He also holds that in the Triassic, 
growth rings were developed 10° nearer the equator than was the case 
in the Paleozoic and that in the Triassic, tracheids first developed 
tangential pitting which was at the end of the annual ring and ac¬ 
companied by storage elements. 
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The Devonian Age antedates by more than 100,000,000 years the 
first' recognizable remains of the present dominant forms of Angio- 
sperms. The primitive ancestors of these present great classes may 
have existed at a much earlier moment than we now generally believe. 
We know that before the end of the Devonian all the larger classes 
of plants were represented and had colonized widely. Many forms are 
known from the late Silurian. 

The proximity of cold and warm, hot and dry climates have been 
puzzling but we have alpine and tropical plants on the earth today 
growing within a few miles of each other. Because plants have not 
been found in the rocks as fossil is not conclusive proof that they do 
not exist. Geologists and paleobotanists often say that certain rocks 
are without fossils, forgetting that the part they have seen, or that 
all men have seen, is an insignificant part of that existing. What is 
steadfastly adhered to today has a way of being proved wrong tomorrow. 
One must never be too sure that discoveries represent general condi¬ 
tions during an age, and not a small section of an environment. There 
is always the possibility of mistakes such as was made on Nematophyton, 
a Silurian plant which was classified by Sir William Dawson as a 
Prototaxites and related to the Yews, when it actually was classed later 
as an alga. We know that the lower Devonian has yielded fragments 
of plants which may have been the progenitors of higher plants today. 

Seward says, ‘‘The old Red Sandstone of the Devonian in their 
characteristic colors have been regarded as evidence of a dry or semi- 
arid climate. Frequently lack of fossils, nature of the sediments and 
their structure and manner of occurrence support the view that the 
climatic conditions both on the Northern and some parts of the Southern 
hemisphere were similar to those in fairly dry regions and subject 
to occasional violent rain storms. It has been suggested with some 
degree of truth that the desert conditions were due not so much to lack 
of rain as to the presence of barren rock not yet clothed with protecting 
and moisture holding plants. Most Devonian fossils have come from 
the far North and the north temperate zone and from the southern 
borders of South America and South Africa and the southern half of 
Australia. We know practically nothing of the floras which flourished 
in the tropics.” My contention is that they did not flourish there until 
a much later date, since it appears it may have been the last region 
of the earth to become populated by plants, as I shall try to explain 
later. In addition to this is the fact that Ellesmere Land and Bear 
Island of the Svalbard Archipelago, both lying in the vicinity of 80°N. 
latitude, and Australia at the opposite end of the earth, have many 
fossils which are well developed and belonging to several groups, some 
as high as the Pteridospermae. These forms belong to the Devonian 
flora and leave little doubt that the polar regions once supported a 
highly developed and varied plant life. Stefenssen states that he has 
taken specimens of coal from 79°N. which were undoubtedly coniferous. 
Today forests generally get no farther north than 68°, not limited by 
cold but by lack of summer heat. It is generally reasoned to have been 
a warm climate. The presence of the Marattiaceae, now tropical, in 
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the Devonian, is taken to indicate such affinities. Then, too, fossils of 
Sigillaria are present and bear cones on old wood, termed cauliflory, 
which is a characteristic of many tropical plants today. The Cycadean 
pattern of fossilized leaves is a character of present day Cycads. But 
modern Cycads are rather remote geologically and botanically to be 
considered strong evidence. Perhaps the most annoying character of 
Devonian plants to explain away is the general lack of rings in wood. 
This is rather peculiarly a tropical or uniform climatic trait. 

The presence of so rich and widespread a flora in the-Arctic during 
the Devonian can seem to be accounted for in only one of three ways: 

1. That it sprang de novo into existence in situ . 

2. That simpler forms of life existed in adjacent regions and that 
the Devonian flora arising from it migrated or drifted into the 
Polar region. 

3. That the simpler forms which gave rise to these great Polar 
flora existed coextensively with them and that their fossils 
are there in Polar rocks and as yet undiscovered. 

No scientist will be willing to admit the first as an explanation of 
origin. Migration would not seem to be the answer. If drifting land 
masses played a part, then the progenitors of such a flora should be 
found in the rocks with them. While there is little definite supporting 
evidence for drifting continents, I believe there is none strikingly re¬ 
futing it. The third possibility seems the most plausible; namely, that 
the elementary forms which gave rise to Devonian floras about the 
North Pole arose and are there as fossils in the rocks, so far as they 
were capable of being fossilized. They are yet to be discovered. It 
seems patent that this original flora, and the fauna too, must have 
been developed about the poles under salubrious conditions akin to—if 
not actually tropical. An explanation in support of such viewpoints is 
here to be projected. It is not entirely new, having been advanced in 
part by Manson and later expanded by Knowlton. 

It is believed that the earth was formed as a hot molten mass of 
gas which finally solidified. The terrestrial radiation of this hot molten 
mass which was to become the earth must have been very great after 
its inception, far exceeding the effects of solar radiation upon which 
the tropics and our present day life on earth are so dependent. 

Life was impossible at such a time and could not have come into 
existence until terrestrial cooling brought about the equable and ex¬ 
pedient climate necessary for the existence of living things. These 
requirements were fulfilled as the earth cooled to temperatures where 
protoplasm could exist. Under such cooling, various gases lowered 
and approached the earth. The vertical rays of the sun, added to that 
of the terrestrial heat, made it hotter and humid more at the equator 
than at the poles as the clouds dispersed. Such a change resulted 
in a moderation of the untenable climate at the poles with the accompany¬ 
ing hardening of the earth's crust and its gradual warping to tform 
the unfilled oceans and lakes. The earth's cooling, therefore, is be¬ 
lieved to have begun at the poles because the terrestrial heat was the 
dominant influencing factor, since it predominated throughout the years. 
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More equatorward the sun became a greater and greater factor. It 
is possible that at this early date the sun was hotter than it is today 
because it has been constantly radiating energy. This, however, is a 
point in dispute. Further terrestrial cooling caused a continual lower¬ 
ing of the earth’s atmosphere. Rain must have fallen. 

With the falling of rain, erosion began and great quantities of 
salts were probably quickly washed away, along with other materials, 
to become the solutes of our first oceans. The accumulation of weight 
in the oceans, together with the surface cooling of the earth, caused 
the crust to shrink, buckling the coast lines upward into high mountains 
which could account for the diversified climates at various places on 
the earth’s surface. Cracks in the surface permitted the pouring of 
magma from the interior of the earth over the land and are presumed 
to have accounted for elevations and lowlands, as well as formation 
of deserts which were probably only exposed rock. 

Reduction of the moisture in the atmosphere introduced a new 
feature. The diminishing moisture in the atmosphere at the poles per¬ 
mitted the cooler air from the upper regions to strike the earth and 
thus become a real factor in cooling it. As the temperature at the 
poles was thus reduced, there came eventually a time when conditions 
were correct for the development of the first forms of life. Such, I 
believe, were first reached in the water in the environs of the Polar 
regions. 

Berry says of the Devonian flora of the Arctic: “Plants of the 
Devonian are so remote from living forms that I do not feel that any 
conclusions regarding the climate are warranted beyond the statement 
that they show that there have been no barriers to prevent most of 
the types formed in latitude 45° to 50° extending northward to latitude 
75 V’ I cannot see why the escape was polarward and not equatorward. 
Seward says, “Uniformity of climate would account for world-wide 
distribution of Archeopteris and other genera.” But I ask, need this 
have been a uniform climate? Perhaps it has been progressive develop¬ 
ment as adjusted climate and vegetation travel along in easy stages 
equatorward. Successions do this, today, over millions of smaller areas 
and pollen studies have shown the same thing for earlier ages. 

As conditions at the poles changed by further cooling, the original 
conditions for the formation of life migrated from Polar regions. It 
seems plausible that various forms invaded the land, then traveled 
equatorward with the newly established forms migrating in their proper 
environmental conditions. Similar forms of life may have formed over 
and over again. As the earth continued to cool slowly, the proper 
zone for elementary forms of life passed farther and farther equator- 
ward. t Selection and adaptation determined survivals, which produced 
the next higher forms of life polarward, where old environments had 
changed. I envisage wave after wave of such zones of life following 
one another through the years in orderly fashion equatorward, just 
as vegetational successions follow one another today about an ageing 
pond, but in reverse order due to increasing desiccation. Millions of 
years of evolution had developed higher plants. As the environment 
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changed, each succession was followed by one a step higher in evolu¬ 
tionary development so that the covering of vegetation developed on 
the earth has been like a series of gigantic ecological successions which 
reached its peak in tropical vegetation. It is realized that many crustal 
movements have disturbed uniform and even development. The heat 
from a cooling earth and a slowly declining sun has now ebbed until 
such warm conditions have reached the Torrid Zone, there to become 
tropical by the influence of solar heat. The tropical conditions equator- 
ward were followed in turn by those more temperate and farther polar- 
ward by cold and even frigid conditions. A study of vegetation from 
the poles equatorward today will show a series of plants from tundra 
through willow, birches, spruces, pines, hardwoods, to tropics, very 
much like ecological successions which occur in isolated places all over 
the earth—always in definite but reverse order, and this due to desicca¬ 
tion. Any cloud blanket present is now gone but for the remnants in 
the tropics and scattered ones about the earth which are but the play¬ 
things of meteorological whims. Thus we have passed first from desicca¬ 
tion of the earth by heat to conditions favorable for the origin of life, 
then to a rich flora, and finally to desiccation by cold, and our im¬ 
poverished flora of today. I believe life may have arisen simultaneously 
at both poles, where conditions of temperature may have been similar 
and perhaps even the chemical and physical conditions in agreement. 

Cold water in the polar regions must have passed readily from 
them and flowed into the warm oceans or escaped through wind cur¬ 
rents in the form of fog into the more favorable moisture-holding tem¬ 
peratures equatorward, which condition is well known to exist today. 
This caused 'further desiccation, lessening still more the insulating 
effect of the cloud blanket which slowly brought about a colder climate. 
Such continued cooling with the resultant desiccation over countless 
ages caused the death of many of the higher forms of life near the 
poles. The increased snow that could not escape into the oceans piled 
up in frozen masses as glaciers, which have been very effective in 
glaciation from time to time due to crustal changes. Life moved equator- 
ward, ahead of such cooling, like the closing diaphragm of a great 
snapped camera. Continued low temperatures soon left little moisture 
in the air with the result that sublimation is today moving glaciers 
polarward all over the world. At the same time, Arctic vegetation 
was moving equatorward due to the ravages of desiccation, which was 
brought about by fixation of water as a solid. Ecologists have for a 
long time believed that the recession of the recent great glaciers in 
North America was followed by a return northward of forms pushed 
equatorward by the oncoming glacier. It is true that this has occurred, 
but only in so far as such vegetation marched in ecological zones to 
which it was adjusted. Once they reached their limit as marked by 
the declining solar radiation, they turned about and today are actually 
receding equatorward before the desiccating climate of a slowly declin¬ 
ing earth. It is well known that many plant forms pnce extended much 
farther polarward than they do today. The work of many scientists 
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on bogs has definitely established this fact for epochs, which after all, 
are but the minor movements in the great symphony of the ages. 

That some such ecological succession has paced vegetation equator- 
ward is shown by the records of the rocks themselves as each succeed¬ 
ing layer upward shows higher and higher forms of successions. It 
is not unusual to speak of such geological ages as that of Algae, Fishes, 
Reptiles, Ferns, Gymnosperms, and finally the Age of Angiosperms in 
which we are now living. 

At the present moment ecologists know of no form that will replace 
the Oak-Beech-Maple forests that are to be found in the Ohio Valley, 
nor that will replace mammals among animals. It is my suggestion that 
they may be replaced by lower forms of life, just as lichens are replacing 
trees in high latitudes today, as desiccation continues to sweep equator- 
ward in its relentless march against higher plants and animals. This 
can be, it would seem, the only fate on a cold earth with a declining 
sun. If one travels north from the Oak-Beech-Maple forests he will 
get a picture of the vegetation which will march on to completion equator- 
ward over the vegetation that it here today. In other words, invasion 
is from the poles not toward them. Extensions and recessions are but 
minor events in world movements. It would appear that we may have 
been reading the ecological meter stick of time from the wrong end. 

The sun, I believe, will continue to lose heat over millions of years 
as it has done in the past. The tropics which are dynamic and not 
static will cool, lose their heat and moisture, and will in turn become 
temperate, then frigid. The entire earth will slowly become frigid and 
dry. Instead of from “Dust to Dust,” as is said of the earths organic 
life, we may say of the earth “from Desiccation to Desiccation,” for 
at the beginning stands heat and at the end, cold. It is my belief 
that the paucity of fossils in the tropics today is due to the lack of 
plants to fossilize since they were not present early because of un¬ 
favorable climate. Torrential rains could not have destroyed them. 
They have never been formed abundantly in the youthful tropics. 

Another point to be introduced for thought is the theory of peren¬ 
nials. All life, of whatever type, was in the early stages of the earth 
perennial, continuous, everlasting, dying only by accident. When terres¬ 
trial radiation declined to a point where the sun became an effective 
weapon in producing heat on the earth, the new factor of rhythm of 
the seasons was introduced into the world. As the sun played along 
the earth from pole to pole uninfluenced by terrestrial heat, the seasons 
were born. This rhythm has had a profound effect upon all life. It is 
my belief 'that this rhythm has been responsible for the introduction 
of annuals from perennials. This can be accomplished experimentally 
today. Annuals today are closely confined to the temperate regions 
where the effect of rhythm is so pronounced. It is an added link in 
the proof that trees preceded herbaceous vegetation. Lack of annuals 
in numbers in the tropics is believed due to lack of pronounced rhythm. 

Finally, I believe the annuals, which are recognized as a much 
younger type of vegetation than perennials, will at last overrun the 
tropics as rhythm is introduced in a declining earth by cooling. Annual 
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forms of herbaceous type will invade and take possession to last only 
until colder climates limit them in the tropics as they do now to the 
temperate zone. The woody perennials will disappear and will be re¬ 
placed by herbaceous perennials such as we find in polar regions now. 
These will finally be replaced in turn by some form such as the lichens 
which will withstand great desiccation. Tundra will cover the rocks 
to make a last stand against the closing chapters of what has been a 
good earth. All will become frozen, dry. This will be millions and 
millions of years hence, a longer span perhaps by many times than the 
past history of the earth has covered. It seems reasonable to believe 
that the life of the earth is not unlike that of any life; namely, a be¬ 
ginning, a growth period, maturity, decline, and death. No other fate 
seems possible to a declining earth. It seems we can say with surety: 

“A time there was when life had never been 
A time will be, it will have passed away.” 
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ABSTRACTS 

Archaeological Sites in Putnam County, Indiana, F. M. Vreeland, 
DePauw University.—There are no genuine village sites in Putnam 
County, and no prehistoric earthworks have been accurately identified. 
There is also a noticeable scarcity of potsherds. Upwards of thirty 
camp sites have been identified. They are generally located near three 
main streams which flow in a southwesterly direction across the county. 
The number of sites which are located on ridges, at a distance from 
the streams, suggests that they were located with reference to . the then 
extant food supplies, or possibly to trails. The artifacts are mainly of 
the “Woodland” pattern, although a few may be classified as “Missip- 
pian.” Two caches have been excavated; one of 28 pieces in Cloverdale 
Township and another of 21 pieces in Greencastle Township. Note¬ 
worthy artifacts include a copper gouge, a curved slate pipe, a monitor 
pipe, and a rhomboidal, stone ceremonial piece. The materials used are 
mainly those which were available locally, although exotic materials are 
not uncommon. A large quarry where Indians secured nodular flint is 
located in Warren Township. A large mortar, cut in sandstone, is in 
Russell Township, and petroglyphs are found in the sandstone at the 
Snake Dam site in this township. Local accounts refer .to segments of 
three f trails in the county. 
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A Cedar Point “Glacial Kame” Burial 

Eli Lilly, Indianapolis 

In August of 1941, while excavating the basement of a summer home 
at Cedar Point on Lake Wawasee for Mr. Roland R. Schulz of Fort 
Wayne, a most interesting Indian skeleton was unearthed. 

This site has rather a respectable history, for as early as 1882, one 
Mike Flowers, a squatter on the premises, dug up a skeleton accompanied 
by a British half-penny encrusted with a globular mass of green colored 
earth. No other facts are known about this burial, its depth, condition, 
dr accompanying articles. The half-penny is now in the possession of 
Mr. J. E. D. Crow and has been pronounced by authorities at the Smith¬ 
sonian Institution to have been struck between 1790 and 1810. The 
almost obliterated date on the coin seems to be 1795. 

About 1923 Mr. T. D. Doll, while doing some grading for Mr. 
Thomas Snook, plowed up eight human skeletons and the bones of a dog. 
Several circular shell gorgets ranging from 3%" to 4 W f in diameter, 
with central perforations of from to %" across were found. These 



gorgets had two holes near their peripheries for suspension. The skele¬ 
tons were buried about eight feet beneath the surface in flexed positions. 

Dr. W. N. Leonard of Fort Wayne has unearthed three skeletons 
and Mr. J. C. Craig another—all accompanied by shell gorgets of the 
same type. 

A somewhat more serious archaeological “dig” on this location was 
conducted in 1931 through the courtesy of Mr. Snook. Five broken and 
burned rock fire places, a deeply buried semicircle of stones set in clay, 
and a shallow infant burial accompanied by one of the charasteristic 
shell gorgets was about all that was discovered, 

Mr. Bert Letter, Mr. Schulz, and Mr. Snook should have full credit 
for making such careful records of the burial found in August, 1941. 
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A most creditable job of unearthing, photographing, and recording the 
facts was carried out. The body was in a flexed position, a “sandal sole” 
shaped shell gorget 9 Vs" long with four perforations was on the chest. 
It was buried ten feet below the old ground level. There were no arti¬ 
facts except the gorget. It was observed, however, that there was “just 
below the smaller end of the gorget, and running underneath it, a very 
dark brown or black deposit interwoven with a fibrous substance like 
roots which may have been the last traces of some wooden implement or 
a tool handle.” Copper had been present as there were deep green 
copper stains on leg and arm bones. 

The exciting thing about the burial is that all of the traits recorded 
parallel the so-called “Glacial Kame” burials in northern Ohio, south¬ 
eastern Michigan, and northeastern Indiana. These include: deep, flexed 
burials, circular and “sandal sole” shell gorgets, presence of copper and 
no pottery. Red ocher and feather spreaders, sometimes accompanying 
“Glacial Kame” burials, are absent or at least have not yet been dis¬ 
covered. 

According to Mr. Wilbur M. Cunningham of Benton Harbor, Mich¬ 
igan, who has made a great study of these “Glacial Kame” burials, most 
of them occur in Hardin and Mercer counties, Ohio, across the line in 
Indiana in Allen and Wayne counties and near Winchester, Randolph 
County. Occasionally they are found as far afield as one in Alabama, 
three or four in Canada, and a few in artificial mounds in Illinois. 

It seems to be the consensus of opinion that “Glacial Kame” burials 
are related to Hopewellian remains—one tubular and one platform pipe 
found with some of these remains giving. additional authority to these 
conclusions. There are, however, many Adena and Hopewellian traits 
never exhibited by “Glacial Kame” interments. 

An examination of the 1941 Leifer-Schulz-Snook skeletal material by 
Mr. Georg Neumann of the University of Michigan showed that the 
individual belonged to the Gooden type, a sub-class of the Sylvid racial 
group. To this type the “Glacial Kame” skulls belong but it also includes 
the Central Algonquins, namely: the Illinois, Miami, and Potawatomie. 
Mr. Neumann reports that the skull is a little closer to the Central 
Algonquin^ than to the “Glacial Kame.” Two large fragments of one 
skull rescued from the eight plowed up in 1923 were classed with the 
1941 skull. 

The crucial question in this instance is what relation the British 
half-penny burial discovered in 1882 bears to the 1941 discovery. It is 
needless to say that nothing definite can be concluded now but with 
Messrs. Leifer, Schulz, and Snook on the ground constantly, the problem 
may yet be solved. 

I should like to submit, though, that there are more chances that 
all of these burials are closely related than not, for: 

(1) At least one in the group of eight of 1923 was the same type 
as the 1941 skeleton. 

(2) There is very little evidence in northeastern Indiana and 
especially in the lake region of occupation during the Hopewellian 
period. 
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(3) It is a historic fact that there were not many Indians in these 
parts until after the beginning of the 18th century when they were 
brought into the region by the French to buffer the Iroquois tribes— 
English allies. 

(4) The bones of 1941 were “in an excellent state of preservation 
looking almost like dissecting room specimens.” Too much dependence 
cannot be put in this because the sandy alkaline soil would tend to pre¬ 
serve skeletal material well. 

(5) The 1941 skull is close in relationship to the Central Algon- 
quins, Illinois, Miami, and Potawatomie. 

Conclusion 

There are several possible conclusions: 

a. That “Glacial Kame” burials are historic Central Algonquin 
circa 1750-1800. 

b. That certain “Glacial Kame” traits were at least in this one 
instance carried down from Hopewellian times to some historic Central 
Algonquin tribe or tribes. 

c. That the half-penny skeleton of 1882 and that of 1941 were un¬ 
related and the latter is a “Glacial Kame” burial of Hopewellian extrac¬ 
tion. 

Perhaps additional proof will be forthcoming in the future, but at 
least the discovery raises the question of the antiquity of “Glacial Kame” 
burials. 



Trait Complexes at the Angel Site 

Glenn A. Black, Indiana Historical Society 

Introduction* 

After thirty months of exploratory activity at the Angel Site it is 
possible to present, in rather brief form, a general list of the material 
traits and cultural elements which have been produced by the excavations. 

Materially and culturally the Angel Site appears to match very 
closely the Kincaid Site located near Metropolis, Illinois. A relationship 
with eastern Tennessee is suggested by the close correspondence in many 
traits established for that area by Webb and Lewis. Generally speaking, 
the Angel Site seems to be more productive and culturally' richer than 
any other site so far reported upon. Whether this anomaly is due to 
the relative amount of work and time devoted to the sites in question or 
whether the other culturally related sites were only the poorer relatives 
of our local inhabitants remains to be determined. 

It should be understood that this trait discussion is tentative and 
not statistical. It should also be understood that before final treatment 
is completed, methods will be devised for handling the data on a strictly 
non-personal mathematical basis, at which time trait tables of a definite 
informative nature for a Middle Mississippi site will be obtainable. 

Agriculture and food Getting Activity 

Agricultural complex. Corn was cultivated and grown at the Angel 
Site in quantity. Evidence of this is attested by the discovery of large 
quantities of corn cobs and shelled corn, stored in pits both inside and 
outside of houses. This material will be studied by the Department of 
Botany at Indiana University under the direction of Dr. Paul Weather- 
wax, who is a recognized authority on the origins of Indian corn. 

No evidence has been found as yet to substantiate the belief that 
gourds or melons were also cultivated. 

A few beans, one of which has been tentatively identified as a lima 
bean, have been found. 

Also forming a part of the agricultural complex are hoes, made 
from the fresh water unio, and spades manufactured by chipping from 
flint and chert. 

No scapula hoes have been found to date. » 

Animal food complex. Osseous remains of mammals are extremely 
abundant. These represent all of the mammals indigenous to south¬ 
western Indiana, as well as some which are now extinct. 


* The Angel Site explorations have been carried on by the Work 
Projects Administration under the official sponsorship of the Indiana His¬ 
torical Bureau and the Indiana Historical Society. The Official Project 
Number is 665-52-3-220. This assistance is hereby gratefully acknowledged. 
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All mammal, bird and reptile bones have been meticulously pre¬ 
served and will be identified and counted by species by a comparative 
anatomist. 

Fishing complex. The remains of many species of fish are found 
in the refuse deposits. Among these are the drumfish and the catfish, 
as well as many others which remain to be identified. 

Bone fishhooks, as well as blanks which show the processes used in 
manufacture, are a part of the material complex. Freshwater unios are 
found in abundance, both in small pits and scattered heterogeneously 
throughout the refuse deposits. The fresh-water mussel apparently 
formed an important part of the diet. 

Impressions found on certain potsherds indicate the manufacture 
and use of a cord net, not unlike those still manufactured by contem¬ 
porary river men in the neighborhood. It is not definitely known that 
these nets were used in fishing but is so placed by inference. 

Obviously nothing is known of the use of fishweirs or traps at this 
site. Physical conditions, in the form of a slack water slough at the 
site, suggest the possibility of fish trapping. 

Military and Hunting Activity 

Projectile complex. The typical projectile point for Angel Site is a 
small, thin, triangular point having either a straight or a concave base. 
Modification of the triangular type is a point having small notches on 
each side and in the base, closely following the type found at the Cahokia 
Site. This type is, however, a rarity at the Angel Site. 

Larger points may have been used as knives or lance heads and 
are of relatively infrequent occurrence. Notched and stemmed points 
occur throughout all levels of the site at infrequent intervals. 

Architectural Activity 

Mound complex. The larger mounds of the Angel Site are truncate 
pyramids, either square or rectangular. The large mound is a bi-level, 
truncate structure with graded ramps approaching each level. A conical 
mound is offset on the southeast corner of the upper level of this mound. 

Mound F, upon which exploration has been conducted, is built of 
small loads of vari-coloured soils. There is some indication of spreading 
of loads rather than lump deposit. 

This mound contains a primary mound upon the top of which at 
one time stood a large council house. This house was rectangular in 
shape and consisted of at least two rooms, the southernmost of which 
had a clay seat built up around the four walls. Appended to this struc¬ 
ture along the east and west walls were anterooms, or porticos, as 
suggested by small groupings of regular post mold patterns. 

It is not known at this writing whether or not another mound will 
be found below the primary mound but there is reason to believe that a 
burned structure will be located upon the original surface below the 
primary mound. 
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An unexpected feature was the discovery of a row of post molds 
completely encompassing the flat top of the primary mound. These 
post molds indicate the former presence of a stockade surrounding the 
council house. 

Fortification complex. The village was surrounded on all sides 
except that bordered by the river by a series of log palisades. On 
portions of the site which have never suffered from cultivation the 
earthern embankment which was thrown up to help support the logs 
in a vertical position is still in a good state of preservation. The loca¬ 
tion of this embankment in cultivated fields can be followed by means 
of aerial photography and close contour surveying. 

Portions of the palisade so far explored show that large logs were 
used to form a vertical wall with projecting bastions at approximately 
one hundred twenty foot intervals. The irregular spacing of the palisade 
log molds suggest that a wattle and daub method of construction might 
have been used for a wall surface. 

A smaller trench and series of post molds have been found to 
parallel the outside edge of the principal palisade. Whether this small 
structure was a means of primary defense or a buttress to prevent 
erosion of the principal palisade embankment remains to be seen. 

At the southeast corner of the village a heavy trench parallels the 
inside surface of the principal palisade and expands away from it 
gradually to a point beyond the second projecting bastion. It, too, 
is a large trench and contains relatively large post molds. At this 
writing it is believed that this trench formed a sally port entry into the 
village and which, by its construction, could effectively prevent the 
entrance of undesirable persons. 

Village complex. Domestic houses were rebuilt repeatedly over one 
another after destruction. Evidence suggests that a house no longer 
serviceable was burned and a new house built upon the site. A con¬ 
fusion of overlapping post patterns result from this trait. Houses were 
constructed by placing posts vertically in trenches at more or less 
regular intervals. The four walls thus formed were covered with cane, 
inside and out, over which mud, mixed with straw, was plastered. Daub 
wall fragments are found abundantly throughout the refuse deposits. 
.The impressions formed by the straw and grass mixed with the mud 
are so clear that we hope to be able to identify the floral species so used. 

The finding, occasionally, of swatches of grass which have been 
burned suggests that grass thatched roofs were used. This thesis is 
corroborated, in part at least, by the numerous mud dauber’s nests 
found in the debris and which, invariably, have upon one surface the 
impressions of the grass roof to which the mud dauber attached its nest. 

On two occasions houses formed of very large logs have been 
found. In each case large post molds, to the number of four, were 
found equally spaced in the interior, at the four corners. It is believed 
that this slight variation in method of construction need not represent 
any cultural sequence but, more possibly, a distinction in house type 
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for winter and summer, a trait for which there is some ^historical docu¬ 
mentation in the southeast. 

Fireplaces are circular, made of puddled clay and are centrally 
located, presumably beneath a roof smokehole. Little elaboration in 
fireplaces has been noted and they number from one to three for each 
house. Interior furniture, in the form of couches, support posts, etc., 
is suggested by the presence of a multitude of small post molds in the 
house interiors. 

Although no definite statement can be made in respect to unit group¬ 
ings there is a suggestion that each house was accompanied by its series 
of storage pits, corn cribs, sweathouse, skin drying racks and other 
domestic paraphernalia. 

To date, the houses seem to be oriented with the corners to the 
cardinal points. Whether this is intentional, or accidental due to the 
physiography of the site, cannot yet be stated. 

Burial Complex 

All forms of burial disposal, except cremation, have been found at 
Angel Site. A partially burned adult male bundle burial was found 
between the legs of an adult female extended flesh burial. Burials of 
adults and children are found throughout the village area. Infants 
are occasionally found beneath the floors of houses. 

Burials are extended, partly flexed and fully flexed. They are 
found laid upon soil levels and covered with debris, also interred in 
rectangular or round graves dug into the sub-soils. Two instances of 
urn burials have been found. One was the bundled bones of an adult 
male in a large, previously broken pottery bowl; the other was the 
tightly flexed flesh burial of a child in a large pottery bowl. With two 
exceptions, grave goods do not accompany burials. 

• The burials are oriented to all points of the compass and no evidence 
of bark or wood coverings exists. Bundle burials have been found 
in slate slab graves within the east slope of Mound F. An extended 
flesh burial which had been subsequently disturbed by the interment of 
another individual had, along the left side, fragments of slate slabs. 
This latter burial was in the village, indicating that stone lined graves 
need not be limited to burials intrusive in the mound. 

Industrial and Artistic Activity 

Chipped stone complex. Large, lanceolate flint blades are infre¬ 
quently found. 

Drills are relatively non-specialized, being mostly chipped secondarily 
from a spicule of flint. A few, however, are well made and are of the 
expanded base type. 

Scrapers consist of irregular flakes of flint with reworked edges. 

Chisels are well made, usually from chert and have highly polished, 
sharpened bits. 

Celts, like the chisels, are at times polished to a degree which com¬ 
pletely obscures the flaking technique. 
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Spades of varying size, expanding to a convex bit, are infrequently 
found. The bits invariably show an extremely high polish from long use. 

Flake knives, composed of a rectanguloid, sharp edge flake struck 
with one blow from a flint core, are found with considerable frequency. 
One core of grey Harrison County flint from which such flakes were 
struck has been found to date. 

Triangular points, which naturally constitute the most common 
chipped flint objects, have been previously discussed under the projectile 
complex. 

Ground stone complex. Celts are the most common object occurring 
under this category. These are pecked from igneous rocks and usually 
have a high surface polish. They are generally rectanguloid in outline, 
with straight sides and a convex bit. A rarity is a rectanguloid form 
having iricurvate sides and a flaring bit. 

One full grooved axe has been found to date. 

Abrading stones are numerous and consist of small blocks of sand¬ 
stone having one or more grooves in the several surfaces resulting from 
a wear as a bone or stone sharpening medium. 

Anvils, as a rule, are unspecialized river boulders having pecked 
indentations on one or more surfaces. 

Bicaves of stone are both perforated and unperforated and are of 
infrequent occurrence. 

Discs of slate, shale and cannel coal are of infrequent occurrence. 

A fragment of a slate gorget, of rectanguloid form, probably having 
two perforations, was found near the surface in Division W-ll, Sub- 
Division A. Another gorget fragment was found at a greater depth in 
the same Division. 

A circular gorget made of black shale is unique. One one-fourth of 
the complete object was found but this represents a section large enough 
to indicate that it had originally been divided into four segments by 
deeply incised lines. The one segment recovered has an equal armed 
cross cut into one surface. The small perforation near the periphery 
suggests the method of attachment or suspension. On the reverse side 
faintly scratched lines form part of a highly conventionalized figure. 

Mortars to the number of three have, been found. Two are large 
river boulders having shallow concavities in one surface. The third is 
a large, rectangular block of sandstone, much worn on the upper surface 
and resembling nothing more than the true metate of the southwest. 

Hammerstones are all, with one exception, unspecialized boulder 
hammers, the one exception being a well made, full grooved hammer 
made of diorite. 

Stone pipes are limited in number. Two merit especial attention. 
The first is a vase shaped pipe of sandstone having a human face 
crudely depicted on the surface opposite the stem opening. The second 
pipe, of a disc type, is made from Minnesota 'pipestone, or catlanite. A 
reptile, presumably a rattlesnake, is etched in plan on the bottom' surface 
of the stem, while on one side surface the reptile is etched in outline. 

The balance of the stone pipes are of the elbow, bi-conoidal type. 
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A single stone plummet was found at a depth of two feet in the 
village deposits. 

Many saw-like knives of sandstone have been found throughout 
the exploration. These objects usually have one cutting edge but some¬ 
times have two or more such cutting edges. Blocks of stone and hematite, 
in the process of being shaped into some specific form, have been found 
with grooves cut into the surface in such a way as to suggest that the 
specimens under consideration may have been used as saws for sectioning 
stone. 

Small slabs of sandstone having at least one well smoothed surface 
were probably used for grinding and mixing of pigments. In two in¬ 
stances palettes were deeply stained with color, one red and one yellow 
and have probably been used in painting with red and yellow ochre 
respectively. 

Bone complex. Antler projectile points are common. Some have 
a projecting' basal tang while others have an unmodified truncate base. 
All of them are small, suggesting that they were used as the penetrating 
medium on a bow propelled projectile. 

Large quantities of antler tines, both worked and unworked, are 
found throughout the excavation. 

A single antler punch, cylindrical in shape with oblate ends, has 
been found to date. 

Bone awls are the most common objects in the bone complex. They 
are found in all degrees of specialization and are made from animal as 
well as bird bones. Entire leg bones of mammals and birds, such as 
the ulna of a deer or the metatarsal of a turkey, are the most frequent 
type. Others consist of splinters of bone, either mammal or bird, having 
one or more ends ground to a point. 

Astragalus bones of the deer and elk, with two or more surfaces 
squared and polished, are found with considerable frequency in the 
village refuse. These objects could have been, and probably were, used 
as dice in gaming. 

Bone beads may be considered a rarity, four having been found 
to date. 

A single bone beamer, made from deer bone, has been found to date. 
This object should be considered distinctly exotic, not only to the Angel 
Site but to the Middle Mississippi culture pattern as a whole. 

Two effigies of bone have been formed by slightly modifying natural 
pieces. The first, and most interesting, is a “death’s head”, made by 
drilling three indentations, properly spaced, into the femoral joint of a 
young deer. The second is the effigy of a bird, formed by modifying the 
shape of a deer antler tine and the incising thereon of a mouth inden¬ 
tation. 

Fishhooks have been mentioned previously. They are common, of 
varying size and all have notched shafts for line attachment. None 
of the specimens found to date are barbed. 

Bone flutes made of the leg bones of shore or wading birds are not 
common, only five having been found to date. 
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Deer phalanges, with the proximal joint cut off to form a truncate 
base and perforated through the distal joint, were probably used as 
rattlers or tinklers on the fringes of garments or garters in much the 
same way as were brass cones and thimbles of historical times. They 
may also have been used as part of a cup and pin game. 

Next to bone awls, pins are the most common bone object. They 
are made from mammal leg bone sections, usually pointed on one end 
only, with the other end truncate. They are invariably highly polished. 
Ends, as a rule, are unspecialized but occasionally one is found with a 
spatulate end or grooved, as if for suspension or attachment. Quite 
often, sets of pins are found numbering from four to seven. These, 
invariably, are of a small size, having one end sharpened to a point and 
the other end oblate. The conditions under which these are found lead 
one to question whether they were inserted, at one time, into a wooden 
handle as a form of comb. 

Rings are found to duplicate similar objects made of pottery. They 
are pulley-like in shape and were probably used as an adornment for 
the ear rather than the finger. 

Bone tubes consist of midsections of wading bird leg bones, made 
by removing the joints and polishing the truncate ends. They are other¬ 
wise unspecialized. 

Among miscellaneous bone objects are fragments of terrapin plastron 
and carapace objects, the edges of which have been cut and polished. 

A fragment of human skull which had been used as a container or 
ornament was found in a debris deposit. The remnant at hand indicates 
that the calvarium had been modified by cutting and polishing the edge 
and scraping of the exterior surface. Faint traces of red pigment 
suggest that the outer surface may have, at one time, been painted. 

Perforated teeth of bear, raccoon and dog are of common occurrence. 
Worked beaver incisors are also found. 

Shell complex. Objects of shell consist largely of hoes and other 
unios, worn in such a way as to indicate use as spoons or scrapers. Two 
shell earplugs have been found, both with an adult burial. Beads of 
shell are limited in number and are mostly of the disc type. 

Two fragmentary shell gorgets have been found on the surface of 
the primary mound in Mound F. Both have scalloped edges and one 
has definitely had a central design formed of the equal armed cross. 

Metal complex. Metals are relatively rare and consist of, largely, 
unworked cubes of galena. Several rods, circular in cross section, 
ground from galena ore, have been found in the village site. 

Copper objects are limited to three copper awls and two beads rolled 
from strips of sheet. Unmodified fragments of sheet copper are common 
in the refuse deposits. 

Minerals complex. Specimens of all the minerals indigenous to the* 
locality are found in the refuse. Cannel coal is extremely abundant in 
unmodified form. It perhaps was available locally, or was brought down 
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river by flood from the extensive river bed deposits at Cannelton, In¬ 
diana. Objects of cannel coal consist mainly of ear plugs and discs. 

Pigments were manufactured by the aborigines from red and yellow 
ochres, specimens of which are found abundantly in the refuse deposits. 

Spawls of quartz and fluorite were abundant. Objects of fluorite 
consist of spherical beads, elongate pendants and two effigy pendants 
made in the form of an owl and a turtle. 

The most spectacular single object found to date was made of 
fluorite. It was the effigy of a man, seated in a position characteristic 
of such objects. The left leg was crossed in front of the body, with the 
left foot behind the right heel. The right leg was flexed vertically in 
front of the body with the right hand upon the right knee. This object 
weighed HV 2 pounds and had an overall height of 8% inches. It was 
found 1.6 feet below the truncate apex of Mound F, unaccompanied by 
other objects. 

Textile complex. The trait involving the manufacture and use of 
textiles is limited to the impressions of textile types upon the surfaces 
of certain pottery sherds. This type runs the range of the textiles com¬ 
mon to the Middle Mississippi cultural area and consists of plaiting, 
twining, open work, knotted netting and plaiting in cane. 

These articles were used, theoretically at least, in the process of 
manufacture of large, unwieldy vessels and left their impressions im¬ 
pervious to destruction after the vessel was fired. A trait which is 
unique, to the writer's knowledge, has occurred at Angel Site. In many 
instances sherds have been found bearing the textile impression upon 
the inside surface, rather than the outside. These inside impressions 
occur not only on the large vessels of the “salt pan" type but on small, 
thin walled vessels as well. No explanation for this peculiarity can be 
offered at this time. 

Pottery complex. Pottery trowels are abundant and have either 
a plain handle or a bifurcated handle, with the latter type predominant. 

Ear plugs are found in two types, the most common being a pin¬ 
like object with an expanded spherical head. The other type is discoid 
in shape, sometimes having a concave edge. 

Pottery discs, both perforated and unperforated, are found in large 
numbers. Generally, they have been made from sherds but, on occa¬ 
sion, specimens have been found which indicate that they were inten¬ 
tionally made in disc form. 

Discoidals of pottery, identical with those of stone, are frequently 
found. 

By far the greatest number of effigies found are the heads of birds 
and mammals, once forming the handles of wide mouthed bowls. Several 
species of mammal are represented but bird heads outnumber mammal 
in occurrence. The duck is a favorite among these objects. 

Full bodied human effigies are found in a variety of forms and were 
manufactured as specimens rather than bowl handles. 

A cache containing several hundred small clay pellets was found in 
the village excavation. These pellets probably had been made for inser- 
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tion in hollow head effigies to form rattles, three of which are repre¬ 
sented in the collection. 

Spherical beads of pottery are more common than are beads of 
stone, bone or shell but, at the same time, form only a small portion of 
the material complex. 

Elongate, cylindrical pendants of pottery, either grooved or perfor¬ 
ated for attachment or suspension, are found at all levels in the village 
exploration. Effigy pendants of pottery are predominantly made to 
represent the owl. 

Pottery pipes are mainly of the elbow, bi-conoidal type. Two excep¬ 
tions to this may be cited in describing two effigy pipes, both of which 
are fragmentary. One is of a kneeling human; the other is of a bird 
having a long bill and probably representing a crane. 

Pottery rings are common; all are thin-walled, having a concave edge 
and were probably used as an ear adornment. 

Spherical balls of pottery having no perforation are found in some 
numbers and probably should be considered as a part of a gaming 
complex, along with .pottery discs, cut astragalus and discoidals. 

The vessel complex at the Angel Site is complete and satisfies the 
need of the Middle Mississippi culture pattern. A great variety and 
range exist, both in vessel size and shape. Wide mouthed bowls, jars 
and bottles are abundant. No entire vessel of the “salt pan” type has 
as yet been found but that this form was a part of the material complex 
of the site inhabitants is attested by the thousands of sherds representing 
this type of specimen. 

Two effigy bottles of outstanding merit have been found to date. 
One is the effigy of a female in a kneeling position, holding a bowl before 
her in outstretched hands. The head had been broken off before the 
bottle was discarded and, unfortunately, has not been recovered. The 
hair braid extending down the back is modeled in relief, as are the 
shoulder blades, the waist line, toes and fingers. The skirt is de¬ 
lineated in relief and painted with black vertical stripes. The second 
bottle is the effigy of an owl, with all pertinent parts including the beak, 
the head tufts, wings and feet faithfully modeled. The entire exterior 
surface has been filmed with red ochre. 

The most surprising single element of the explorations to date has 
been the abundance of painted ware. The design elements are varied, 
complex and pleasing. They consist primarily of design elements handled 
by the negative painting technique on the vessel surfaces, previous to 
firing and have had a film of red ochre placed over them after firing. 
In the finished product this technique provides the illusion of a poly¬ 
chrome ware, consisting of red and black design elements. 

The four world quarter cross and sun symbol is the motif found 
most often. Many variations of this -element occur. 

Numerous examples of direct applications of color to the vessels’ 
surface without negative treatment, as well as controlled application 
of color over negative designs are in the collections. 
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By far the greatest majority of painted sherds represent dishes 
or plates but examples of painted bottle sherds and bowl sherds are 
found in some numbers. 


Trade Activity 

Some examples of actual trade specimens are at hand but, at this 
writing, it would be premature to state definitely that certain objects 
had their origin in unrelated areas or from unrelated peoples. Several 
exotic ware types of pottery are found in limited numbers, both in the 
mound being worked and in the village site. As these wares can be 
duplicated on sites both up and down the river where the types form 
the dominant pottery trait, it might be inferred that the inhabitants of 
Angel Site were in direct personal contact with the inhabitants of those 
other culturally unrelated sites. With our present knowledge such an 
inference would be dangerous due to the fact that the wares in question 
should antedate by a considerable number of years the occupation of 
Angel Site. There may be an overlapping chronology involved, the solu¬ 
tion of which remains for the future. 

Several sherds, both rim and body, of §and tempered Lamar Compli¬ 
cated Stamp ware have been found at varying levels in the village. 
These sherds definitely represent trade wares. 

Another example might be cited in the one grooved axe, the one 
platform pipe and the two fragmentary slate gorgets so far discovered. 
These objects do not normally fit into the Middle Mississippi pattern, 
either materially or chronologically. The assumption that these objects 
were trade pieces would also be dangerous at this time. 



Notes on Ojibwa-Ottawa Pictography 1 

Erminie W. Voegelin, Indiana University 

During recent field work among Ojibwa-Ottawa groups in the Upper 
Peninsula of Michigan it proved still possible to obtain a limited amount 
of information concerning Ojibwa-Ottawa pictographic writing. This is 
a subject which engrossed Copway (1), Tanner, (2), Schoolcraft (3) and 
other 19th century commentators on Ojibwa customs, and a number of 
the pictographic symbols used by this Great Lakes tribe were published 
during the last century. More recently Miss Frances Densmore (4) has 
also contributed to the subject in her comprehensive outline of Ojibwa 
ethnography. The data presented by Densmore derive from Minnesota, 
Wisconsin and eastern Ontario Ojibwa informants, whereas my field 
material comes from more easterly and southerly mixed Ojibwa-Ottawa 
groups who moved from Beaver Island, in the northern end of Lake 
Michigan, to the south shore of the Upper Peninsula of Michigan several 
decades ago. 

Among these mixed groups pictographs were used to convey 
messages, to furnish topographic information, and to illustrate narra¬ 
tives. All information recorded was, apparently, of an exoteric char¬ 
acter. The use of pictographs ar recording devices for preserving the 
esoteric history or songs of the Midewiwin or Grand Medicine secret 
society was denied by informants who either had been initiated them¬ 
selves into the Mide society, or who had frequently witnessed the initia¬ 
tion ceremony as formerly practiced at Nama, on the south shore of 
the Upper Peninsula. 

Pictographic symbols used for messages, maps, and as illustrations 
were drawn on pieces of birch bark, usually on the inner side, on the 
birch tree itself or on a peeled section of elm tree; on fiat, thin cedar 
or ash chips; on perpendicular rock surfaces; in sand or dry earth, in 
ashes, or in well-packed snow. A pointed stick or pointed bone was 
ordinarily used to incise the symbols on bark or wood, and to outline 
them in sand or ashes; a piece of charcoal also was sometimes used to 
outline drawings on wood or bark, or in the snow. In post-white times 
a pointed piece of metal was occasionally substituted for the wooden or 
bone stylus. Some pictographs were outlined in paint; the one color 


*Data for this paper were gathered during an ethno-linguistic survey 
of Upper Peninsula Ojibwa-Ottawa groups undertaken with Dr. C. P. 
Voegelin during the summer of 1941. Grateful acknowledgment is made to 
the Social Science Research Council for a grant-in-aid which enabled me to 
join Dr. Voegelin in this survey. Ojibwa-Ottawa informants who gave infor¬ 
mation on pictographic writing were:—Angeline Williams (age 73), Louise 
Boulley (36), Jennie Williams (43) of Sugar Island, Michigan; Katheriiie 
Osogun (45) of Hessel, Michigan. Dr. Voegelin has kindly supplied all the 
linguistic material contained in this paper. 
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informants mentioned as having been used was red, obtained from blood- 
root. Red paint was also used to fill in the outlines of incised figures. 

Messages, inscribed on any one of the materials mentioned above, 
were left by travellers for the benefit of persons who were to follow 
or who had preceded the writers. A message sketched on birch bark 
might be placed in the cleft of a split stick, the stick being stuck slant¬ 
wise in the ground and pointed in the direction which the writers of 
the message had taken. Or the communication might be hidden under 
a stone on the ground, or hung from a tree alongside a trail. Maps, 
which were said to have been drawn on birch bark or in ashes, dry 
earth or sand, were sketched for travellers or to record a trip which 
had been taken. Permanent or semi-permanent illustrations for narra¬ 
tives were said to have been made on birch bark. 

The outline of a conical tent or tipi, not that of the much-used 
Ojibwa-Ottawa domed house, was sketched to indicate a dwelling place, 
whether semi-permanent or a camp. Straight lines drawn beside the 
tipi were said to indicate the number of days which would elapse before 
the sender of the message would arrive at the recipient's dwelling place; 
to Densmore's informants such lines near a tipi indicated the number 
of nights spent camping at a certain spot (5). 

Human beings could be depicted in three ways; either by a per¬ 
pendicular line, by a semi-stylized drawing with head, body and extremi¬ 
ties noted, or by a fairly realistic picture of a person's totem animal. 
If straight lines were used, a child was represented by a short perpen¬ 
dicular line, an adult by a somewhat longer one. The same variation 
in size to distinguish between children and grown persons was used if 
individuals were represented by sketches of the human figure, or of their 
totem animals. Since children always had the same totem animal as 
their father, the representation of a family group by its totem animals 
would make identification fairly easy for anyone who knew the totemic 
backgrounds of the families in his or her neighborhood. 

If a person represented by a totem animal was still living, the 
animal was always drawn in normal position; if the person was dead, 
however, the animal was drawn in inverted position, head downward. 

Travel by foot was shown by the pictograph of a person (either 
straight line, human figure or totem animal) placed on a horizontal or 
crooked line representing a path. Travel by canoe was indicated by 
sketching a profile of a canoe and putting the figures representing 
humans in an orderly succession along the top edge of the canoe. In 
such a sketch the father or male adult in a family group would be rep¬ 
resented as sitting in the back of the canoe (a position usually occupied 
by the man, who steered), the mother would be sitting in the front part 
of the canoe, and the children of the couple in the center of the craft. 
These positions of the man and woman, it might be noted, are opposite 
to those recorded by Densmore among the Minnesota Ojibwa (6). 

An abundant food supply at a camp was indicated by the picture 
of a game animal drawn near the tipi representing the camp; several 
lines were drawn beside the animal to show that a number of animals of 
the species sketched had been secured. 
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No pictograph for corn was obtainedthe plant itself was said not 
to have been cultivated by the Beaver Island and south shore groups in 
early days. 

A limited number of symbols representing natural phenomena were 
known to informants. The earth, or the world, was represented by them 
as a straight horizontal line. The sun was drawn as the outline of a 
circle with short lines radiating outward from the circumference all 
around; the moon as a filled circle, without radiating lines. On maps, 
lakes were indicated in outline and the intersections of streams were 
shown. 

At the present time members of the Ojibwa-Ottawa groups studied 
communicate by writing letters in English or Ojibwa, whenever the 
need arises for persons distant from each group to send messages. Non¬ 
literates usually ask literate relatives or friends to write for them. 
Occasionally, however, even today, pictography may be resorted to in 
sending a person a message. A non-literate friend of one of my 
informants who was planning to send the informant some smoked fish 
by parcel post in four days’ time and wished the package to be called 
for at the postoffice as soon as it arrived, managed to make this message 
clear in a “letter” consisting entirely of pictographs. Furthermore, 
after the fish arrived the recipient also used pictographs to acknowledge 
receipt of the package and to assure the sender that the gift was 
appreciated. * 

Constantin Rafinesque, writing in 1836, states that the Ojibwa and 
Ottawa, among other tribes, had “painted tales and annals, called 
Neobagun (male tool) by the former. Tanner has figured some of these 
pictured songs or Neobagun in his interesting Narrative” (7). Present- 
day Ojibwa do not recognize Neobagun, but this may be due to ortho¬ 
graphic difficulties. The nearest forms, which may have been intended 
by Rafinesque’s Neobagun, are Ojibwa naapee—'male,’ as in naapeesee 
'male bird, rooster/ and ninaapeemim ‘my husband/ Thus, if 
Rafinesque’s Neoba—stands for Naapee—‘male/ then the remainder 
of the word,—gun, may stand for a common suffix indicating “instru¬ 
ment of or for . . .” perhaps in the sense of ‘tool/ We have actually 
found no combination of naapee— plus —kan, but this is apparently 
what Rafinesque’s word would be to mean ‘male tool;’ the reference 
intended surely would then have been to the instrument for making 
pictographs, rather than to the pictures, tales, or annals. There are 
various words for the latter in Ojibwa, but none of them are at all 
similar to Neobagun. 

The present day words for picture, photograph, pictographic sym¬ 
bol and so on are quite numerous, and furthermore vary considerably 
from dialect group to dialect group, especially along the border of the 
so-called Ottawa and Ojibwa groups. Thus 1) masiniccikan ‘picture/ 
2) masina^ikan ‘paper, piece of writing, book, map/ 3) masina?- 
ikaannss ‘playing card/ but also 4) attaatiwin ‘playing card/ 5) 
masinaasikan ‘picture, photograph/ 6) masinipii’ank ‘he draws it 
on something/ and 7) masinippPikaatee ‘it is drawn, pictured/ for which 
the noun would be 8) masinipii ? ikan ‘pictograph/ Compare 9) 
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masinaatteessicikan 'picture, movie’ with 10) masinaakkisikan 
'camera/ but also translated as 'photograph/ so also 11) masinaak- 
kisowak 'pictures/ Of these, number 8 was most frequently used for 
pictographs, number 2 for a map, with the related verbal form masina 7 - 
ikee 'he makes shadow pictures on the wall/ 
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Word Distortions in Delaware Big House and 
Walam Olum Songs 

C. F. VoBGELiN, Indiana University 

From hearing the Big House songs repeatedly, every Delaware 
Indian theoretically knew everyone else’s song, but it was unthinkable 
that anyone should sing anyone else’s song, or for that matter, that 
anyone should sing his own vision song publicly except during the Big 
House ceremony.i After some reluctance our informant, Mr. Long- 
bone, sang his own vision song for us. i 2 Then he included in his reper¬ 
tory songs which he remembered from a lifetime attendance at the Big- 
House, explaining that the individuals whose songs he was singing 
were now deceased. We have reason to believe also that he altered 
the songs somewhat in order to mitigate'the feeling of trespassing on 
the property of others which he was frank to admit made him uncom¬ 
fortable. 

In this way, Mr. Longbone “remembered” over a dozen songs which 
he sang on successive nights while we transcribed them, no doubt with 
many impressionistic errors; certain real variants also appeared. At 
the same time Mr. Longbone gave us what he thought were the equiva¬ 
lent spoken words for the song words, and the names of persons to whom 
the songs belonged. Finally, he sang the entire repertory twice over 
in the laboratory, so that we could make phonograph records. 

These records were subsequently taken to Oklahoma and played to 
Mr. Longbone’s drum-partner, Mr. J. Parks, and to two nephews, Roy 
and Jesse Longbone, who gave us additional data on spoken word equiva¬ 
lents of the song words. The repertory of songs as sung on the first 
phonograph record is transcribed below. 

Frank Wilson’s song: 

A. he peciwite tanilie 

peciwi tani 

B. heyupeta haniti 
heyupeta haniti 

C. hayayane hayuni 
hayuyane hayu 

D. ketomake hayuki 
ketomake hayu 


i Harrington, M. R., “Religion and Ceremonies of the Lenape,” Indian 
Notes and Monographs, Museum of the American Indian, Heye Foundation, 
N. Y., 1921. Speck, ‘Frank G., “A Study of the Delaware Big House Cere¬ 
mony,” Publications of the Pennsylvania Historical Commission, volume 2, 
Harrisburg, 1931. 

2 Grateful acknowledgment is made to the 1939 Linguistic Institute at 
the University of Michigan for providing Delaware informant and phono¬ 
graph recording equipment; and for Oklahoma field funds administered 
by DePauw University grateful acknowledgment is also made. 
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E. wanilena hewite 
wanilena hewite 

F. wi hehei 

In this song" line A begins with the burden syllable [he] followed 
by [peciwite] which is said to correspond to the spoken language 
peeclhileew “he comes here”; then [tanilie] for the spoken form canila'su 
“he did wrong”. In line B the burden syllables [heyu] are followed by 
[peta] and [haniti] which stand for mpeettuun ‘I wait for it’. The 
next line is said to consist of burden syllables only. Line D is. the song 
equivalent of nkattamaakkeeloma “I take pity on him”. Line E is equa¬ 
ted with wani lanaappe “this Delaware”. And the last line is said to be 
an exclamation of rejoicing. The song as a whole says that someone 
came and did wrong; then in the words of the guardian spirit, “I am 
waiting for it [namely, to help someone on a vision quest]; I take pity 
on this Delaware.” 

Colonel Jackson’s first song: 

A. hetantilu honani 
sesantilu 

B. kwenamuwa kaniwo 
kwenamuwa kani 

C. wanilena pewite 
wanilena pewite 

D. wi hehei 

The first line is equated with ntihiluuxolaan “I take him”, line B 
with kweenamuwaakkanink “place of worship”. Line C is a slightly 
variant song approximation of wani lanaappe “this Delaware”. Line D 
is the final exclamation. The song says, in the words of the guardian 
spirit, “I will take this Delaware Indian to the place of worship.” 

Colonel Jackson’s second song: 

A. helidi honaman 

dili hanaman 

B. heli leele 

C. hey a yane 

D. ' oli tena 

E. pewi tane 

F. hiti hehe 

Line A is the song equivalent of ntihilipanaman T look at it this 
way”. Line B stands for eelileheleexeet “the way he lives”. Line C is 
said to consist of burden syllables only. Lines D and E together stand 
for wani lanaappe “this Delaware”. Line F shows another form of the 
final exclamation. Altogether, the song gives the words of the guardian 
spirit as, “I am looking at the way this Delaware Indian lives.” 

Ice Wilson’s song: 

A. henayonileheyomen aikwe 

B. kenamuwohowohonu aihonilenaohewi 

C. haiahi hahe 
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Jesse Longbone said this song made an allusion to the female deity 
(originator of the Big House and the Doll Dance) who can be heard 
singing above peyote meetings today. His spoken word equivalents are 
for line A, eelahiyooni leheleexeew xkwee “here this woman lives”; for 
line B, konamu wani lenaappe “this Delaware gets in deep”; for line C, 
the exclamation of rejoicing. Mr. Parks could not corroborate this. 

George Falleaf’s song: 

A. he hakikuwi kuwaku 

kuwaku 

B. hakikuwi tamaaku huwahu 

huwahu 

C. wi hehei 

Line A begins with the burden syllable [he] followed by [hakikuwi] 
which stands for kiikhula'nu “old man”, and [kuwaku] for kuuwaahukw 
“he knows you”, according to Mr. Parks, but nkuukuuweemwxitaakw “he 
whoops at me”, according to Mr. Longbone. In line B the sense of line 
A is repeated, with an additional word, [tamaaku] for tomaakw 
“Beaver”. Line C gives the final exclamation. 

George Bullet’s song: 

A. notayuni ti ? ilenoman 
notyuli hilelom 

B. heyayani hi’iyayuni 

C. hayeloma hamikewa 

D. hetomaki lu’umanewa 

E. onilena piwitena 

F. hiha hehe 

Mr. Parks said the word equivalents of this song were for line A, 
nayuuni ntihilanaman “in this way I do it”; for line B, eeyaane “when 
I go”; for lines C and D together, meektamaakkeelamakke “when I pity 
him”; for line E, w&ni lanaappe “this Delaware”; for line F, final ex¬ 
clamation. That is to say, a guardian spirit in the form of a beaver was 
going along doing something difficult when he came upon a Delaware 
Indian undergoing the hardships of the vision quest and therefore to 
be pitied. Jesse Longbone gave a variant reading (not combining lines 
C and D to find one spoken word), and a variant explanation: while 
the singer, as a youth, was wandering in the forest beavers appeared 
and the singer was lonesome to see his friends, the beavers. The beavers 
were tangled up in some kind of a vine. He untied them. He saw the 
beavers rise up and look like men. They told him, “You must always 
rise up in the Big House and sing about us.” They sang the songs 
first to him of how they suffered too, being tied up, just as he was 
suffering on the vision quest. 

Song of the Masked Dancer: 

A. he hayelomi hileyu 

hayelomi hileyu 

B. kwanamuwa kanuwa 
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C. hanilena pewite 

D. yahi hahehe 

Mr. Parks did not agree that this was one of the. songs sung by 
the Masked Dancer or meslnkw of the Big House ceremony. He thought 
it was another vision song belonging to an individual, perhaps to Tom 
Bill. Mr. Parks could not find a spoken word equivalent for line A, 
but Mr. Longbone gave halemihilee “it goes up”. Both men agreed 
that line B stands for kweenaamuwaakkan “this kind of worship”, line 
C for wani lenaappe “this Delaware”, line D for final exclamation. 

George Washington's first song: 

A. haleciluwi kame yuni 

B. hule hewo kohanu wane 

C. honi lena pehwi tane 

D. yehe hehei 

The spoken word equivalents are for line A, mpeciluuwiikaman 
“I crowd it passing by”; for line B, yuuni waleexeeyon “his breath 
(=life) here”; for line C, wani lanaappe “this Delaware”; for line D 
exclamation. 

George Washington's second song: 

A. nihanuli hokaye 
nihanuli hokaiineye 
lihanuli hokaiine 

B. . heyunpemitanikee 

heyunpemitanikeeye 

heyunpemitanikeyeye 

C. kwi 

Spoken word equivalents are for line A, nuulihokain “my body”; 
for line B, yuuni peemiitaniik “is this which flows by, a stream of 
water”; for line C, an exclamation which is more abrupt than the other 
final exclamations. 

Silas Longbone's song: 

A. he nanuwenci sluweya 

nanuwenci sluweya 

B. niyanoli slumuhuku 
niyanu’ule Slumuhuku 

C. wanilena pewite 
wanile^ena pewite 

D. wayeyi hahei 

Spoken word equivalents are for line A, nanana'nci luweeya “that's 
why I say”; for line B, niita nuuleelemukw “he should think well of 
me”; for line C, wani lanaappe “this Delaware”; for line D, exclamation. 

Charlie Elkhair's song: 

A. he halami hewie 

halami 

B. wi wenamuwoowoho 9 onu 
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G. ai honile ? ena ohewi 
D. haididi haidi hahe 

Spoken word equivalents are for line A, halamihilee “it begins to 
go up”; for line B, kweenamuwaakkan “his worship”; for line C, wani 
lanaappe “this Delaware”; for line D, exclamation. 

George Wilson’s song: 

A. yanilahsomiine 

B. kwenamuwa kanuwa 

C. wanilenah pewite 

D. yahae hahehe 

Spoken word equivalents are for line A, nnihilaattaman “I own it”; 
for line B, kweenamuwaakkan “his worship”; for line C, wani lanaappe 
“this Delaware”; for line D, exclamation. 

Departing hunters’ song: 

A. he halamilehweeye 

halamilehwiye 

halamilehwiye 

halamilhwiya 

hwiya ho 

B. patamiwiwoowo konuwahiyi 
kotamwiwoo konuwahiya 

hiya ho 

C. wanilenooo pewitehiyi 
wanitenoo pewitehiya 

hiya ho 

Returning hunters’ song: 

A he pecithweee 
pecilehweyi 
pecilehwiyi 
pecilehwiya 
heya ho 

B. patamwiwooo kenuwahiyi 
kotamwiwoo konuwahiya 

heya ho 

C. wanilenooo pewitehiyi 
anilenoo pewitehiya 

heya ho 

These last two hunters’ songs were not gained by individuals on 
the vision quest, but belong to the Big House ceremony as a whole: 
they are sung to speed the departure of the hunters and to welcome 
their return. Line A differs in the two songs. The spoken word equivalent 
for the former is halamihilee “it begins to go up”; for the latter, 
peecihilee “it comes here”. Lines B and C are not quite identical pho¬ 
netically in the two songs, but they stand for the same spoken words, 
namely, pootamweeyookkan “his prayer”, and wani lanaappe “this Del- 



Anthropology 


53 


aware". In both songs, lines A, B, and C end separately with an 
exclamation which repeats, after the fashion of an echo, the final pair 
of syllables of the song proper. Otherwise the line final exclamations 
of the hunters' songs bear a general resemblance to the song final 
exclamations of the vision songs. 

Consonants used in all song words include [p, t, c, k, h, x, s, s, 1, m, 
n, w, y]. Song words lack the long consonants found in the spoken 
language. The glottal stop [ ? ] and a voiced [d] in prevocalic and in¬ 
tervocalic position are found in song words but not in the spoken 
language. 

A broad transcription. of the vowels in song words gives [i, e, a, 
a, u, o]. This agrees essentially with the vowel phonemes in speech 
as far as quality is concerned. A short and long contrast should 
probably not be made for the vowels in song words; several degrees 
of length are observable, but these appear to be determined by the song 
rather than by the word. In songs, it is difficult to establish a single 
main stress for each word, and hence difficult to guarantee word 
boundaries which remain arbitrary. 

Only a few of the numerous consonant clusters are found in song 
words: [hs, hw, kw, mw, np, nt, nc]. Besides these, [tw] has been 
found in songs, but in speaking neither t, nor c, s, s, n, 1 appear before 
w. So also, [xl] and [si] have been found in songs, but a voiced con¬ 
sonant (other than w) never appears as the final member of a cluster 
in speech. 

Song words show a greater preference for consonant initial words 
than does the spoken language. Favorite initials are [h], [k], [w], [p]. 

Spoken words frequently end in consonants or even consonant clus¬ 
ters; a few song words are found to end in [n], [k], [1], [h], [y], 
while all others come to an end in vowels. 

This summary of the phonetic peculiarities of song words is based 
on all the variants of some fifteen Big House songs. We can gain 
only a gross impression of phonetic detail in Walam Olum songs, for 
these songs were recorded in the early 19th century and were no less 
crudely recorded than other Indian documents of the period.^ The 
Walam Olum songs did not, apparently, favor burden syllables empty 
of meaning which appear above as characteristic of Big House songs. 
Other modern Delaware songs, such as those associated with the peyote 
ritual, employ meaningless syllables to the exclusion of even slightly 
suggestive words. 

Morphological distortions in both the Walam Olum and Big House 
songs include rather systematic losses and innovations. Thus, final 
syllable losses are especially noticeable in the Big House songs. This 
means, in almost all cases, loss of inflectional endings. Compare the 
song and the speech forms for “place of worship" (CJ's first song); 
for “he comes here" (FW's song); for “the way he lives" (CPs second 

3 Brinton, Daniel G., “The Lenape and Their Legends; with the Com¬ 
plete Text and Symbols of the Walam Olum, a new Translation, and an 
Inquiry into its Authenticity,” Brinton’s Library of Aboriginal American 
Literature, Number V, Philadelphia, 1885. 
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song); for “I take pity on him” (FW’s song). The song form often 
lacks the 1st person prefix of the speech form (see FW’s song line B, 
the A lines of CJ’s first and second songs, GB’s song line A, GW’s first 
song line A). But it cannot be said that the 1st person prefix is abso¬ 
lutely excluded in the song style (see GW’s second song line A). The 
1st person suffix also appears in the songs (GB’s song line B), as 
does the 2nd person prefix (GF’s song line A). 

The Walam Olum songs show similar inflectional losses. And these 
older songs show a certain greater freedom in song than in speech 
form, namely, in the use of suffix in initial position. For example, in 
modern Delaware dialects we may isolate -tuulpe or -tuulpi “turtle” 
as a suffix from piiselatdulpe besides piisalaptuulpi “soft shell turtle”. 
But in the Walam Olum, tulpewik “turtles” is suhg without prior 
member (song I, verse 13) A 

Another suffix, -al&nieew “to have tail feathers”, occurs both with 
a prior member, and initially (song III, verses 12, 19). In the spoken 
language, the form in question is of course always a suffix. Here again, 
Delaware violates the habits, or rather some of the habits, of the spoken 
language in song. 

4 Additional examples will be available in a volume dealing with 
various aspects of the Walam Olum (including the philological) now being 
prepared by certain members of the Indiana Historical Society. A musical 
transcription of the Big House songs discussed in this paper is now being 
prepared by Professor George Herzog, and it is hoped that this transcrip¬ 
tion will appear in the Historical Society’s volume. 



Provenience of the Walam Olum 

Paul Week, Indiana Historical Society 

Rafinesque published his translation of the Walam Olum in the 
year 1836. His historical background for the document was that he 
“obtained, through the late Dr. Ward, of Indiana, some of the original 
Walam Olum (painted record) of the Linapi tribe of Wapahani or 
White River”; (1) and that “these actual olum were first obtained in 
1820 as a reward for medical cure, deemed a curiosity; and were un- 
explicable. In 1822 were obtained from another individual the songs 
annexed thereto in the original language”. (2) 

Brinton’s great critique on Rafinesque’s treatment of the subject 
appeared in 1885. (3) Rafinesque had died in 1840. With him the 
.fact of the Walam Olum was its prime importance. So also with 
Brinton who felt that the Walam Olum should be reexamined in the 
light of such advance in methods of approach as fifty years would 
provide. Also, who was Dr. Ward, and how did the Walam Olum 
chance to pass through his hands to Rafinesque? 

Brinton made the attempt to document this transfer of the Walam 
Olum from the Delaware Indians living on White River in Indiana., 
through “the late Dr. Ward of Indiana”, to Rafinesque who, at that 
time, was a professor at Transylvania College, in Lexington, Kentucky. 
Brinton could not find trace of a Dr. Ward in Indiana; and finally came 
to the conclusion that he must have been a member of the well known 
Ward family of Harrison County, Kentucky. (4) Family tradition 
hinted that in the early 1820’s one of the Wards was a friend of 
Rafinesque: indeed, Rafinesque, in.his autobiography, says, “my friend, 
Mr. Ward, took me to Cynthiana in a gig, where I surveyed other 
ancient monuments.” (5) However, all Brinton’s efforts to trace out 
a documented contact between Rafinesque and the Dr. Ward of Walam 
Olum fame were unsuccessful; nor were local history clues concerning 
the Walam Olum to be found. With this, Brinton turned from efforts 
to document its actual transfer to the internal linguistic evidence of 
the Walam Olum itself. 

Today our problem is exactly the same as was Brinton’s: internal 
linguistic evidence and historical documentation. The former has 
profited in techniques of study and approach, but lost in sources in the 
interim. The gain in techniques outweighs the loss in sources. So far 
as. the primary issue, internal linguistic evidence, is concerned, Brin- 
ton’s conclusion affirming the authenticity of the Walam Olum is con¬ 
firmed and strengthened. As for historical documentation it also has 
profited in techniques, but lost most heavily in sources. We have not 
established positive proof that a Dr. Ward secured the Walam Olum 
from the Delaware Indians on White River, Indiana, in 1820, and pre¬ 
sented it to Rafinesque; but we have found new material which lends 
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strong probability to its historical authenticity, and leads us to expect 
confirmation as the result of continued search. 

Accepting, for the time being, the opinion of Brinton that there 
was no Dr, Ward of Indiana in the period of the 1820% (later we had 
occasion to scour three Indiana localities hunting for the possibilities 
of such an one), our search for material documentation began in Cynthi- 
ana, Kentucky. In the Harrison County Clerk’s office at Cynthiana are 
records of a Dr. John R. Ward filing suits for collection of medical 
fees in the years 1808 and 1809. The same Dr. Ward was being sued 
for the collection of his note in the year 1811. (6) After this last 
date the name of Dr. John R. Ward did not appear in the Harrison 
County records, in so far as we were able to discover. In the mean¬ 
while, John M. Cromwell, mayor of Cynthiana, loaned us a volume in 
which we found the following: “Dr. John R. Ward, president of the 
Carlisle bank, was among the earliest physicians of the new town”. (7) 
This was The Farming and Commercial Bank of Carlisle. The town * 
of Carlisle, county seat of Nicholas County, adjoining Harrison County 
on the east, was organized, and its first town lots sold, during the 
summer of 1816. Certainly he continued residence in this county during 
1818, for the Nicholas County, Kentucky, tax lists for that year list 
John R. Ward, as follows: 

100 acres of land 

Military-Hughes Co. 

5 Black Slaves 

1 White Laborer 

2 Horses (8) 

Covering the next ten years we found no records, except the indirect 
reference that in 1819 the Carlisle bank failed, (9) because of Ken¬ 
tucky’s unsound banking conditions and the evils of unredeemable 
paper money; but it would seem likely he continued residence in Carlisle 
until 1828, in which year he sold his medical practice to Dr. Oliver 
Hazard Perry Stout, (10) a graduate of Transylvania Medical School, 
class of 1823. In the following year, September 28, 1829, John R. 
Ward and his wife, Clarissa Ammons Ward, sold their property and 
lands to John Mann. (11) Thus was found a Dr. Ward of the Cynthiana 
Wards in the vicinity of Rafinesque at Lexington during the period of 
the 1820’s. 

We next ventured to Lexington to see what we could find on the ' 
Rafinesque side that might dovetail into a Ward-Rafinesque contact. 
Mrs. Charles F. Norton, librarian at Transylvania College, generously 
permitted an examination of the Rafinesque material in the college 
library. The Kentucky newspapers for the period were read at the 
Lexington city library. Court records were gone over at the Fayette 
County court house in Lexington. Personal contacts were made, notably 
with Mrs. William T. (Maude Ward) Lafferty. According to Ward 
family tradition, Mrs. Lafferty believed Dr. John R. Ward was a 
brother of her grandfather, Andrew Ward, who was married at Cynthi¬ 
ana in the year 1804. Rumor averred that Dr, John R. Ward was. 
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a friend of Rafinesque. But the expedition to Lexington produced no 
tangible results. The newspapers especially were disappointing. In 
those days the papers had no place for personal interest stories: Proc¬ 
lamations, State and National; political news; foreign news almost 
invariably quoting ship captains newly arrived from abroad; a literary 
section, and business notices and cards covered all the news. Local 
news must have gotten abroad by gossip. As an example of the meager¬ 
ness of all things bearing on the lives and interests of home folks, 
this notice appeared in the May 12, 1820, issue of Lexington’s The Ken¬ 
tucky Gazette: “Died—On Monday last John D. Clifford a citizen of 
this town, after a short illness.” Monday last was May 8, and on that 
day died the most prominent citizen of Lexington, a business man with 
large interests in Lexington, Philadelphia and St. Louis, a member of 
the American Antiquarian Society (Worcester, Massachusetts) a mem¬ 
ber of the Board of Trustees of Transylvania College, and the friend of 
Rafinesque who had been instrumental in his coming out from Phila¬ 
delphia. Subsequent issues of the Gazette carried not a word concern¬ 
ing Clifford; although to this day in the county court house one may 
turn page after page through the old court record recording his will. 
The point here is that a story detailing the discovery of an Indian 
historical record found on White River, in Indiana, had no chance to get 
into news print in those days. 

Rafinesque’s name appeared frequently in business notices. For 
example— in The Kentucky Gazette for July 23, 1819: “Transylvania 
University: The trustees of this institution have unanimously elected 
the following gentlemen to professorships in the Medical School, con¬ 
nected with it: 1-, 2-, 3-, 4-, 5, C. S. 

Rafinesque, Esq., Professor of Botany and Natural History”; and in 
The Kentucky Reporter, November 19, 1821: “Avd. Transylvania Uni¬ 
versity. Professor Rafinesque will deliver a public Lecture introductory 
to a course of Medical Botany, Mineralogy, Medical Zoology, etc. in the 
Chapel of the University, on Wednesday next, 21st. November, at 12 
o’clock. The Medical Professors, Students, etc/ are invited to attend, 
as well as the ladies and gentlemen of Lexington. If the weather should 
prove unfavorable, it will be postponed to the next Saturday, at the 
same hour.” 

May 17, 1821, at Lexington, The Rev. Mr. John Ward, recently 
of St. Louis, married Miss Sarah Clifford, a sister of the late John D. 
Clifford. Shortly before this date Ward had been called to the rectorship 
of Christ Church (Episcopal) at Lexington. Here he remained for 
many years, and became one of Lexington’s most distinguished citizens. 
It has been felt by us that this Ward may have some connection with 
our problem, for the John Clifford-Rafinesque friendship was strong 
enough to have continued in his family; but we have not been able to 
find correspondence or any other source that would throw light on his 
relationships with Rafinesque. 

The best fruit of our contacts in Lexington was the enthusi¬ 
astic cooperation of Mrs. Norton. The Indiana Historical Society was 
highly honored in having her make search, by personal contacts through- 
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out Kentucky and by correspondence into wider fields, in behalf of the 
Ward-Rafinesque-Walam Olum documentation. Her researches have 
produced the knowledge that “Dr. John E. Ward, of Cynthiana, and 
Carlisle, Kentucky, and Dr. John Eussell Ward, of Fulton, Missouri, 
are one and the same. Proof came with finding in the court house 
in Fulton the record of his marriage, ‘John E. Ward to Clarissa Buckner 
in Bourbon County, Kentucky, in 1807.’ This was filed at the time of 
his death, in 1834. The marriage bonds of Bourbon read: John R. 
Ward and Clarissa Buckner were married October 23, 1807.” (12) ' 

With ground broken in Kentucky our work had only begun. Four 
avenues of development were available: 1. Securing the services of 
a professional genealogist to trace out the family connections of the 
Kentucky Wards with an eye cocked for family traditions and cor¬ 
respondence suggesting archaeological interests and contacts with 
Rafinesque; 2. Search through records available in our local libraries; 
3. Correspondence; and 4. Personal contacts. The services of Miss Jean 
Agnew, Richmond, Virginia, were secured for the study of genealogical 
sources; and Mrs. Norton was authorized to avail herself of the services 
of such a specialist in this field for southern Indiana. 

In the Indiana State Library and in the Indianapolis Public Library 
records and lists of early days in Indiana, Kentucky, and Missouri were 
studied. These were: Rolls of enlistments for the War of 1812; mar¬ 
riage, death, church, and court records; S.A.R. and D.A.R. records; 
medical records; lists of early doctors, missionaries, church and law 
circuit riders; grave records; and lists of early settlers. Some years 
ago an independent search through the records of early Indiana medi¬ 
cine produced no clues. We had an idea that Ward might have spent 
the years between our last record of him in Cynthiana in 1811, and his 
appearance at Carlisle in 1816, as a soldier in the War of 1812; and 
that on his way home from Canada might have stopped for a short 
time in the Delaware villages on White River in Indiana—the setting 
for a later visit. In Lexington we received the information (13) that 
the Ward issue in Missouri were Clara Cecil Ward Wilson, daughter, 
and grandsons, Cecil Wilson and Ward Wilson, of Kansas City. The 
State Historical Society of Missouri and the Kansas City Public Library 
cooperated in our search for them or their descendants. 

Through correspondence we endeavored to find the sources used 
for the Walam Olum-Ward-Eafinesque statement published in Kerr’s 
“History of Kentucky.” (14) By the same method we contacted the 
surviving relatives of Brantz Mayer, of Baltimore; and likewise cor¬ 
responded with the Maryland Historical Society, of which organization 
Mayer was a founder (with B. F. Latrobe), and its president for many 
years. Letters were written to all Wards listed in WHO’S WHO, 
stating the nature of our problem, and asking if family letters or tradi¬ 
tions could throw light on the subject. By personal contacts and also 
by correspondence we sought the assistance of individuals and institu¬ 
tions which we had any reason to believe might be helpful. The major 
portion of all contacts are listed as a permanent supplement to this 
paper; and this list and all letters and other items pertaining thereto 
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have been deposited in the Smith Library of the Indiana Historical 
Society as a permanent part of this record. 

In Rafinesque’s handwriting we have knowledge that he contem¬ 
plated a trip to White River in Indiana during the summer of 1820. 
An extract from a letter by him, dated Lexington, Ky., June 15, 1820, 
to Dr. C. W. Short, Hopkinsville, Ky., reads: “My intention was to 
go this Summer to the Olympian Springs, Cumberland Mountains & 
White River in Indiana.” 

The original letter is the property of the Filson Club, in Louis¬ 
ville, Kentucky, in the Dr. C. W. Short collection of letters. Photo¬ 
static copies of this letter have been deposited in the Smith Library 
of the Indiana Historical Society. 

Our search is still an open one. Did Rafinesque go up on White 
River during the summer of 1820? His plans had been completely 
upset by the untimely death of Clifford. Together they had planned 
botanizing and archaeological trips; suddenly everything was changed. 
His friend Short was cast in a mould similar to Clifford’s. He wanted 
to see Dr. Short in Hopkinsville, and so he wrote Short (June 15) 
that he hoped to visit him that summer, “although my intention was” 
etc. as above quoted. Unfortunately, the Short letters give no clue: at 
the date when Rafinesque and his affairs again appear in the Short 
letters the events of the Summer of 182t) do not receive so much as a 
scratch of the pen. Mrs. Norton’s discovery that Dr. John Russell 
Ward died in 1834, at the very least gives chronological correctness 
to Rafinesque’s employment of the expression “The late Dr. Ward.” 
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The Culture Sequence of the Ohio Falls Sites 

E. Y. Guernsey, Indiana Historical Society 

Prom the time it was first visited by English speaking people, 
around 1750, it has been customary to refer to the general region round¬ 
about the falls, or rapids of the Ohio Biver as the “Falls of the Ohio.” 
It is in this sense that we speak of the “Ohio Falls sites”—connoting a 
series of important villages, representing several periods of occupation, 
which overspread an impressively large area upon both sides of the 
stream opposite the falls, including also four considerable islands which 
were once attached to the mainland. It should be understood that there 
are no other falls in the entire course of the Ohio, and that during at 
least the later phase of occupation of the region by prehistoric peoples 
passage of this obstruction to navigation was effected by a recourse to 
one or other of two alternate portages (upon opposite sides of the river), 
both of which transected an area occupied by Indian villages. Since the 
Ohio itself comprised one of the major travel routes of Indian peoples, 
the importance and exigencies of the location may be well imagined. 

Taking into account the fact that these villages occupied collectively 
many hundreds of acres and maintained an aggregate population from 
first to last of several thousand souls, the Ohio Falls sites may be 
properly considered as among the largest and most important upon that 
archaeologically prolific stream. For reasons which will appear, we may 
also believe that no other similar region has possessed a more intriguing 
congeries of historical and scientifically interesting association. 

During excavation for the Louisville & Portland Canal (1826-30) 
in situ skeletal and cultural remains of a prehistoric people were ob¬ 
served at various recorded locations at reported depths ranging from 
twenty to forty feet. Artifacts then recovered and preserved are, so far 
as we have ascertained, referable to the so-called Indian Knoll culture 
complex. In Louisville's first city directory, published 1832, reference 
is made to the discovery of decayed “trunks of cedar trees” within the 
clays underlying this cultural stratum. In fact, it is now known that 
great numbers of such trees, which are usually cypress, tupelo or other 
representatives of a typical swamp flora, have been from time to time 
revealed throughout a wide area below the falls, as flood waters have 
dissected the overburden of alluvium. They are the reminders of a 
spectacular glacial lake, many miles in extent, developed during the 
Pleistocene epoch by the filling of the Ohio's early channel, the lake 
eventually degenerating into a vast tree covered marshland. 

Although Professor William ~W. Borden was perhaps the first to 
recognize this geologic phenomenon, Dr. Charles Butts has quite recently 
provided a vivid reconstruction of the geologic scene during and follow¬ 
ing the Pleistocene cataclysm. The deep burial of the ancient villages, 
referred to, he properly attributes to the deposit thereupon of vast 
quantities of alluvium incidental to the bodily shifting of the Ohio's 
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course, some two or three miles northwestward, across the old lake bed 
to its present channel about the falls* 

It may be believed that during an early occupational phase the 
Ohio Falls villagers were actual lake dwellers, though the presence of 
lacustrine marl and glacial outwash sands and clays immediately under¬ 
lying the lowest culture strata upon both sides of the river suggests that 
the once impressive lake was then greatly diminished in area. It is 
quite probable, also, that prior to the shifting of the Ohio’s channel 
the early villages upon the Kentucky side were integrated with those 
upon the present Indiana shore (Clark’s Point, Elrod and Newcomb 
sites) which we have been calling collectively the Clarksville sites. Other 
geologic involvements, such as the recession of the lake’s shoreline to 
the southwest and the very gradual recession of the rapids in the other 
direction, are interesting matters unessential to our present purpose. 
One of the numerous anomalies observed during our investigation of 
the Clarksville sites respects the discovery within compact shale strata of 
firmly cemented projectile points, workshop material and even human 
bones. This was readily explained by a determination that the inclos¬ 
ing shale represented an earlier regularly bedded stratum which had 
been disintegrated by extreme fluviatile action, redeposited, and cemented 
by iron carbonate. 

Aside from these very involved geologic phenomena, the Ohio Falls 
region provides the locale of numerous traditions, by no means local in 
origin or importance, which have a bearing upon our present subject. 
For example, the earlier historians believed that the Falls of the Ohio 
was the southernmost point reached by La Salle in his alleged discovery 
and first navigation of the stream (1669-70). Among the major objec¬ 
tions to an acceptance of the fragmentary and disputed supporting evi¬ 
dence, upon which French claims to the Ohio Valley were mainly based, 
has been the belief that the discovery accounts described the falls 
region with utter disregard of its actual physiography. The geological 
evidence amply proves, however, that the two questioned accounts de¬ 
scribe the local landscape as it must have appeared circa 1670 so accur¬ 
ately as to suggest they were provided by an eye witness. Even so, it is 
not impossible that the information could have come from Seneca in¬ 
formants, the Iroquois having been entirely familiar with the region. 
In fact, there are traditions of Iroquoian origin referring to a “silver 
lake” at the falls whose bottom was “shining and white.” In any case, 
an acceptance of the discovery tenet would be arehaeologically important 
only insofar as it would suggest there were no Indian villages in this 
quarter at the time of La Salle’s alleged visit, and that there were such 
somewhere to the south as one followed the Indiana highlands. 

A second tradition, having many variants, makes the Falls of the 
Ohio the locale of the extinction of a resident white (or Welsh) people 
by a superior force of Indians of normal pigmentation. Dr. Henrico 
McMurtrie, writing in 1919, devotes several pages of his “Louisville 
and Its Environs” to the support of this tradition, citing as evidence 
the presence of many hundreds of human skeletons, at Clarksville 
(Elrod site) and upon Sand Island, these presumably representing the 
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unburied remains of the victors and vanquished. In his “North Ameri¬ 
can Indians,” Gatlin has included a map showing a theoretical migration 
route of the Mandan from the Gulf, along or upon the Mississippi and 
Ohio, to a terminus in the vicinity of the falls, where “three ancient 
works” are figured. 

It is not surprising that Webb and Funkhouser, in their “Ancient 
Life in Kentucky,” have discussed this topic at considerable length, 
stating that: “It is difficult to refrain from drawing conclusions which 
would tend to support the Welsh Theory,” and closing with the query: 
“Could it be possible that the Welsh really were among the earliest 
known inhabitants of .Kentucky, and that they were the ones we have 
been calling the ‘Stone Grave People V ” 

A third tradition, this especially important because somewhat sup¬ 
ported by historical evidence, makes the falls region the early home of 
the Siouan Osage people. That the tradition was held by the Osage 
themselves is reported by Featherstonhaugh. The narrative of Pere 
Anastasius Douay (circa 1687) includes the Quapaw with the Osage 
as earlier joint residents of the lower Ohio region. Pere Jacques Gravier 
(1700) places the Dhegiha-speaking Sioux in the same general territory. 
Upon the basis of these and numerous other references, Swanton has 
recently shown the Osage as probable residents of the Ohio Falls region, 
concluding also that another Siouan tribe, the Ofo, were responsible 
for the important Fort Ancient site at Madisonville, Ohio. However, 
the same writer suggests a joint occupation of the lower Ohio, about 
1700, by the Shawnee and Siouan Mosopelea—which last he believes 
are to be identified as Ofo. As possible earlier residents of the region 
in general, present evidence suggests an inclusion of the Yuchi (whose 
language Swanton considers closer to the Muskhogean-Siouan than any 
others), and perhaps of the Kaskinampo (who were Muskhogean). 

In his report to the Indiana Geological Survey for 1873, Borden 
provided the first published account of the Clarksville sites of scientific 
value. He had visited the locality many times, had collected and studied 
surface material, and had made such superficial excavations as were 
typical of the period. Having accompanied him upon subsequent visits, 
now forty-odd years ago, it is possible for us to vouch for the general 
accuracy of his statements. But we found it necessary, upon our 
recent return to the sites much earlier visited, to admit that there was 
very little surface evidence remaining to suggest a necessity for ex¬ 
cavation. 

Borden recognized at Clarksville, or thought he did, “graves con¬ 
taining skeletons of prehistoric times and of a more recent period.” He 
described, in fact, cultural traits and material representing two distinct 
occupations, both apparently prehistoric, the earlier of which may be 
easily recognized as pertaining to the Indian Knoll complex. Fifty 
years ago, however, it was possible to locate with precision the remains 
of transitory camps of the Shawnee—who were occupants of record of 
the falls region immediately preceding the period of first white settle¬ 
ment. 

As described by Borden, burials at the Elrod site were customarily 
“enclosed by pieces of slate set on edge, and rather in a sitting posture.” 
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Some of the pottery, he observed, “was marked as if moulded in a 
plaited basket; some had ears [lugs] that probably served for the 
attachment of a bail. One piece probably represented an owl, and was 
evidently used for drinking purposes.” Objects of copper were rare, 
but occasionally found. It is obvious that these surface burials and 
artifacts have no possible connection with other material he elsewhere 
describes. In short, he here referred to a superficial culture stratum 
which has since disappeared, except for a few remnants observed during 
our own survey. In fact, only three of the roughly elliptical “slat$ 
graves” Borden described were observed among some two hundred burials 
of very different type studied during our survey. 

From a study of remnants of this last prehistoric culture stratum, 
coupled with a careful examination of material collected from the sites 
half a century ago, it is possible to reconstruct the associated material 
culture with reasonable accuracy. In addition to these data, however, 
an investigation of additional sites in the region (Prather, Koons, Willey 
and Aydelotte sites) enables us to conclude that an identical culture 
pattern is held by each site, thus providing the additional conclusion 
that a rather general occupation of a quite large area in Clark and 
Floyd counties is indicated. 

As reconstructed, the culture embraced a brachycephalic people 
who built small, rectangular house structures, without wattling, which 
they sometimes afterward burned, erecting thereupon low, elliptical 
earth mounds. Their dead were interred customarily (either in extended 
or flexed positions) beneath the prepared clay floors of these structures, 
accompanied by numerous “grave goods,” including objects definitely 
funerary and others to be classed as ornaments worn by the deceased. 
In the former class were pottery vessels comprising shell-tempered ware, 
smoothed and bearing either two or four strapped handles, containing 
land snails (Helicidae) or other articles of food, and water bottles of 
similar pattern. Sometimes actual bodies of large fish were included. 
For a reason not understood, large masses of galena, usually flattened 
by abrasion, were often deposited in the grave. Small bi-concave, per¬ 
forated discoidals of stone were sometimes carefully placed in apposition 
to the forehead of the subject. Usually, but not always, the body was 
covered by a blanket of coarse matting. 

Probably to^e classed as ornaments were large, circular gorgets 
of shell (Busycon) of marine origin, from which a central disk had 
been cut; bifurcate bone hairpins similar to those now in use, or others 
resembling a slender awl; double-pointed awl-like objects of polished 
bone which were probably thrust through the nasal septum; various 
objects of copper, including large conventionalized figures of birds, 
carved in wood in relief and overlaid with copper. 

They made and used elbow pipes of stone, these sometimes bearing 
an encircling ridge at the extremeties. But they also possessed fish- 
effigy and keel shaped pipes similar to those figured from Madisonville, 
these and other artifacts suggesting, perhaps, a contact with this Fort 
Ancient center. Small, perforated discoidals are numerous; as are also 
rectangular gorgets of slate and argillite. The celts are of exceptional 
fabrication—of erratic material, flint and hematite. The typical grooved 
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axe is fully grooved, poorly made, usually much worn. The projectile 
points, largely of blue-gray Wyandotte chert, are mainly of small trian¬ 
gular type, though large notched and stemmed examples are numerous. 
The chipping is consistently excellent. 

The pottery is usually shell tempered, though there are occasional 
grit tempered vessels which suggest a contact with other people. The 
characteristic strap handle is often modeled in raised linear patterns, 
but does not bear incised or stamped decoration. Under-rim decoration 
includes dentate (or nodal) repeat designs, and incised chevron-repeat 
or parallel-linear patterns. Small effigy heads are sometimes attached 
to *the rims of flat vessels and there are occasional effigy bottles. Salt 
pan vessels with fabric impressions were apparently numerous. 

In general, the culture is southern in character, displaying many 
traits exhibited by the Gordon-Fewkes pattern of Myer, for which that 
writer suggests a possible Madisonville influence. Objects of bone are 
so rare that one concludes this material was little used. Such artifacts 
are apparently confined to metapodial “beamers,” a few fish hooks, 
large ulnae awls and smaller ones poorly worked, and occasional objects 
of ornament. 

Underlying this culture stratum at the Clark's Point and Elrod 
sites, at a customary maximum depth of two feet, a thin band of hard¬ 
ened sand-clay (2 to 5 inches) is usually apparent. It represents, no 
doubt, sediment deposited during a time of complete inundation of the 
general area, at which time it could not have been occupied. Immediately 
underlying this horizon are the midden deposits, two to four feet in 
depth, accumulated during a somewhat intensive occupation by a group 
displaying a culture complex considerably inferior to that just described. 
These people were the principal and earliest occupants, also, of the 
nearby Newcomb site. 

Burials, so far as observed, were invariably flexed—usually upon 
the right side, within shallow graves slightly beneath the village floor 
level. Although grave goods were sparse, it was customary to include 
with burials a specialized type of funerary pot of smooth, shell-tempered 
ware, with an outwardly curved rim to which were attached two looped 
handles. The typical vessel is small (one-half gallon capacity), the body 
ovoid in contour. With male subjects an elbow pipe, either of clay or 
polished stone, was sometimes included. The pipe is unusual in that the 
distal face of the bowl was customarily supplied with a modeled or in¬ 
cised human effigy face. Objects of ornament included comprised a 
few beads, usually of bone, cylindrical in shape. Most’ unusual is the 
fact that small, ovoicl or rectangular pillow-like head supports of worked 
slate were customarily included with burials. Since this represents an 
important and somewhat unique trait, a further study of the custom 
may be expected to prove of diagnostic value. A somewhat similar 
practice has been reported by Hooten, from Madisonville, and from 
certain Copena sites, by other observers. 

Of particular interest is the fact that the people of this complex 
were skillful and prolific potters, but were careless or inadept in fabri- 
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eating objects of stone. A careful study of thousands of sherds dis¬ 
closes that almost every form and size of Middle Mississippi pottery 
was duplicated, including a wide range of bottle patterns. In general, 
the pottery is hard, of fine texture, carefully moulded and smoothed. 
Very few vessels were decorated, however, though a small percentum 
displayed simple incised-rim patterns. A small number were malleated 
by cord wrapped paddles. Handled examples bear either two or four 
strapped or looped handles. Fabric impressed salt pan ware seems not 
to have pertained to the culture. 

Although erratic material for the larger stone implements was 
locally abundant, there were no celts, grooved axes or such worked im¬ 
plements; instead, these erratic boulders were used in their natural 
form to serve various purposes. Projectile points, though numerous, 
were indifferently chipped. It is probable that antler projectile points 
were mainly used. In the manufacture of bone artifacts they were 
quite proficient, though they left very few objects of this material. 
Not a single fish hook was found in this stratum. Perforated teeth 
of bear were sometimes incised in crude design. Strangely enough, 
an exceptionally unique bodkin-like object of polished bone, bearing 
decorative patterns comprising a series of parallel incised lines to form 
most artistic geometric designs, appear at the Clarksville sites in asso¬ 
ciation with the culture we are describing. Identical objects, so similar 
as to suggest they were made by the same craftsman, have been found 
by Miller at his McCain site, Dubois County, Indiana, which site has 
produced no pottery and no pipes. Upon this unusual circumstance 
we have no comment to offer save that the highly specialized artifact 
in question was unquestionably made by one and the same people, though 
the sites at which they have been observed are quite distantly separated. 
It is possible that the culture complex we have just described, and that 
observed by Miller upon East White River, represent later and diversely 
influenced phases of an earlier and purer Indian Knoll pattern. 

K At both the Clark’s Point and Elrod sites, the typical shell-lensed 
deposits of the Indian Knoll culture pattern appear immediately beneath 
the stratum we have just described. There is no intervening sod line 
or other apparent separation of the two deposits, though a close exami¬ 
nation of the vertical profiles during excavation usually revealed a more 
or less culturally sterile interruption, at the plane of contact, in the 
otherwise homogeneous face. The average depth at which burials were 
observed was around four feet, though a few were observed at a maxi¬ 
mum depth of eight feet. Wherever found, there was no apparent 
difference in modes of burial or in the character of the ascociated 
culture material. 

Since the material culture of this complex has been often described, 
we shall confine our remarks largely to a discussion of the differences 
which obtain between the type site of Indian Knoll and the considerably 
larger sites at Ohio Falls. Being assured that the latter sites originally 
embraced an area comprising several hundred acres, within which there 
were many hundreds of burials, it is safe to assume that the occupation 
of these people at this location represented, so far* as we now know, their 
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largest and longest concentration in a single integrated group. We 
believe also that the Ohio Falls sites comprised the early tribal center 
of this early group, and that it was here that their culture pattern was 
least influenced by alien contact. 

While these two principal sites possess more traits in common than 
any of the others, perhaps, they display marked differences. Burials at 
Ohio Falls were usually flexed (not always so), but none were within 
round graves as at Indian Knoll. There was at Ohio Falls no copper, 
no pipes, no pottery. Asphaltum was not used, there were no artifacts 
of marine shell, and stemmed or notched projectile points were extremely 
rare, the stemless blades and spear heads typical of the Alabama sites 
being mainly used, these capably chipped from local cherts. Stone work 
in general was much superior to that of Indian Knoll. The axe was 
three-quarter grooved, expertly made, often polished. The cylindrical 
pestles were symmetrical and carefully finished, their tapered ends un¬ 
fractured. The barrel shaped lignite beads, common to both sites, were 
larger, better finished and much more numerous than those from the 
Kentucky site. 

The bone work of Ohio Falls is also exceptional. Fish hooks of 
many sizes and of two distinct forms were abundant, and were often in¬ 
cluded with burials. The Ohio Falls antler hook, always of one pat¬ 
tern, is curved and delicately tapered at the distal extremity, the hook 
or barb, carefully beveled, showing no sign of fracture. At Ohio Falls, 
but apparently not at Indian Knoll, slender antler points, smoothed or 
polished, were often colored by red pigment. 

Stone bannerstOnes of customary Indian Knoll design were abun¬ 
dant at Ohio Falls, and were observed in all stages of fabrication; how¬ 
ever, there were none of the winged type. They were often included 
with burials, sometimes accompanied by antler hooks, but most often 
without them. Often two or more were deposited together with a single 
burial. That they were often ceremonially broken is certain, but this 
was also true (really customary) in respect to the long cylindrical 
pestle. 

Since the type site at Indian Knoll was first studied by Moore, addi- 
, tional sites of this culture pattern have been investigated by Fowke, 
Webb, the writer and others. It is generally held that the culture 
pattern, in its early or typical manifestation, suggests a very early 
people—possibly one of the first groups to occupy the region east of 
Mississippi River. The observance of typical Indian Knoll bannerstones 
associated with culture material they believed Algonquian, in certain 
so-called “ash caves,” in western Kentucky, led Funkhouser and Webb 
to suspect that the Shawnee were the early occupants of these caverns, 
and that they were followed by a pottery making people who were 
probably Cherokee. More recently, Webb has advanced the theory that 
the bannerstones and antler hooks often found in association with 
Indian Knoll burials comprised weights and distal ends of the spear 
•thrower, or atlatl, such as was used by Basket Maker II people of the 
Southwest. In our own opinion, it seems logical to suspect that the people 
of this complex were ancestral to some one or other of our historically 
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known groups—the identity of which may be determined when our evi¬ 
dence is more nearly complete. 

At both Ohio Falls sites at which the Indian Knoll complex has been 
observed, a distinct sod line appears at the base of the accompanying 
culture deposit. Beneath this sod line are midden deposits of quite 
different character, comprising dark and richly organic soil within 
which moist and decaying shells (Pleurocera, Lithasia, etc.) appear so 
numerously as to form a homogeneous mass to the depth of two or three 
feet, where sterile glacial clays appear. Though this deposit must be 
attributed to human agency, no human remains or artifacts were found 
anywhere within it. Furthermore, bones of the larger mammals, such 
as are usually found abundantly in such middens, were extremely rare. 
On the other hand, those of fish and waterfowl were most abundant. It 
is of course possible that somewhere within an unexplored portion of 
this difficultly accessible deposit human remains might have been found. 

During our excavation of Block 1, Elrod site, a group of five isolated 
burials was found within a similar deposit, but at a lesser depth. The 
flexed skeletons, very poorly preserved and with portions of the crania 
absent, had been deposited in shallow elliptical graves. In each grave 
very large rounded boulders had been placed, along with masses of 
red ochre, more or less decomposed. There were no grave goods of any 
sort, and there were no sherds or cultural objects in' the inclosing midden. 
Above this group of burials a layer of fragmentary, fissile limestone 
had beqn strewn to form a slightly arched mound. More precisely, as a 
subsequent careful examination revealed, only a quadrant of the actual 
mound was excavated. 

In any discussion referring to early man in America, the problem 
of the so-called Folsom complex is now included. To this people, whose 
unique fluted projectile points have been found at numerous sites in 
the West associated with the bones of Pleistocene mammals, Roberts has 
recently ascribed an approximate age of 15,000 years. That there was 
an eastward migration of this group to the Mississippi is now believed, 
and Folsom-like points have been reported in increasing number from 
a wide area in eastern United States. 

At certain non-pottery surface sites near Ohio Falls such points 
have been found in considerable number, including examples (patinated 
and rechipped) of a material resembling our Wyandotte chert, sugar 
quartz (possibly from the Carolinas) and other suitable lithics whose 
source is unknown. Similar points have been recovered, indeed, from 
the islands adjacent to the falls. That their occurrence in Indiana is 
perhaps only indirectly significant is suggested by our own recent ob¬ 
servation of several such points at the Guthrie Creek site, in Lawrence 
County, in association with pottery and other material which is probably 
Fort Ancient. 

Despite the fact that we must ascribe a considerable age to the 
earliest cultural remains appearing at the Ohio Falls sites, it is probable 
that their chronological placement should be reckoned in centuries, rather 
than in thousands of years. 



A Report of Progress of the Botanical Study at the 
Angel Mounds Site 

Helen Marsh, Indiana University 

An unusual opportunity to make a botanical study in connection 
with an archaeological study arose last year when it was observed at 
the Angel Mound Site on the Ohio river east of Evansville that the old 
Indian village wall could be traced by variation in the species of plants 
growing on and along it, although the fields through which it extends 
have been under cultivation for many years. 

It was deeided to make a specific study of the wall and the plants 
growing there, and also a general taxonomic survey of the vascular 
plants of the region. Both studies were begun early in the spring of 
1941. To date, about three hundred plants have been collected and 
identified, of which about two hundred are new records for Vanderburg'h 
county. Many of them are common plants which one would expect to 
find almost anywhere, but a few are more rare. Included in this group 
are Hottonia inflate Ell., which has been collected previously only three 
times in Indiana; Pyrrhopappus carolinianus (Walt.) DC., for which 
there is only one authentic report for Indiana; and Orobanche ludovici - 
ana Nutt. var. genidna G. Beck, which, has been reported from only 
three counties in the state. 

Although the specific study of the wall is still in a very formative 
stage, several interesting observations have been made. Strips ten feet 
wide and of varying lengths of not less than one hundred feet were 
staked out across the wall. These strips were studied for plant species, 
pH of the soil, and elevation. When the results of these studies are 
compared, there is evidence of a definite correlation between certain 
“indicator” species of plants, such as Plantago aristata Michx. and 
Plantago lance olata L., and the pH reading. There is also evidence 
for some correlation between the elevation and the pH of the soil. To 
summarize briefly this part of the work, the results to date seem to 
indicate that where the elevation is greatest, that is, where the wall 
originally stood, the pH is lowest. This does not, however, indicate 
that the elevation alone is responsible for the change in pH; there 
are undoubtedly other factors which have not yet been observed. The 
results also show a definite tendency for certain plants such as Aster 
pilosus Willd. and Plantago lanceolata L. to grow up to the point where 
the elevation rises and the pH drops, and then thin out abruptly to 
the point of becoming entirely absent, while other plants such as 
Plantago aristata Michx. grow only on the more acid part of the strip, 
and thin out altogether where the elevation drops and the pH rises. 

A continuation of both the taxonomic survey and the specific study 
of the wall including complete soil analyses is planned, and undoubtedly 
many" new factors and relationships will be found to play a part in the 
peculiar phenomenon of the wall. 
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Chairman: Dr. C. G. Culbertson, Indiana State Board of Health 
Professor L. S. McClung, Indiana University, was elected chair¬ 
man of the section for 1942. 


ABSTRACTS 

Heterophil© and oral pneumococcal antigenic action of cold vaccine. 
H. M. Powell, Lilly Research Laboratories.—Comparative importance 
of virus and bacteria, including even their order of entrance if both 
are present, as the cause of colds has not yet been fully determined. 
The study of the presumably earlier virus phase has not yet led to the 
practical use of antiviral vaccine. On the other hand, several bacterial 
cold vaccines have come into considerable use and necessitate tentative 
laboratory assays of antigenicity quite apart from the bacterial count. 
Two methods of assay are described. The first is a quantitative seri- 
ological method which can be completed in a few hours. Such tests 
may be conducted by laboratory technicians familiar with hemolytic 
titrations such as those used in the Wassermann test. A second method 
of assay is useful as a rapid laboratory test of oral immunizing action 
of the oral vaccines. These vaccines are preponderately pneumococcus 
in content, and their oral immunizing action against type I pneu¬ 
mococcus infection in white rats can be determined in seven days. The 
two tests described are not conclusive or final. The results obtained, 
however, give indications of antigenicity in vitro and orally in vivo. 

Bacterial Content of Normal Human Tissues. Lyle A. Weed, In¬ 
diana University School of Medicine.—From 96 surgical cases, 171 sec¬ 
tions of tissue were examined bacteriologically. Bacteria were found 
in 71% of the cases and in 50% of the tissues. Staphylococci, strepto¬ 
cocci and diphtheroids were the organisms more frequently found. Clos¬ 
tridium welchii was isolated from two cases, one of which had a stormy 
course for two days post-operatively and recovered spontaneously with¬ 
out specific therapy. Many gram positive diplococci and short rods 
were found in the original culture tubes but did not grow on sub-culture. 
Bacteria were isolated from bone, uterine muscle, skeletal muscle, sub¬ 
cutaneous areolar tissue and skin. 

Trypsin as a digestant of sputum and other body fluids preliminary 
to examination for acid-fast bacilli. Edith Haynes, Indiana Univer¬ 
sity Medical Center.—A method of digesting sputum and other body 
fluids with trypsin preliminary to microscopic examination, culturing 
and guinea-pig inoculation, is presented. This method is considered to 
be practical for it is simpler in procedure than other methods and re¬ 
quires less of the technician’s time. In a comparative study, of this 
method and the flocculation method of Hanks et al., of 100 positive speci¬ 
mens 11% more positives were found by the trypsin method. In 71.5% 
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of the smears made from the trypsin digested portion of the specimens, 
more acid-fast bacilli were found than in smears made from the floccu¬ 
lation concentrate, and in 30% of these at least twice as many bacilli 
were found. In contrast with these results, only 28.4% of the smears 
made from the flocculation concentrate showed more bacilli than those 
made from the trypsin digested portion of the specimen, and of these 
only 7% showed twice as many or more acid-fast bacilli. 

Inhibition of chemotherapeutic action of sulfapyridine by local anes¬ 
thetics. H. M. Powell, M, E. Krahl, and G. H. A. Clowes, Lilly Re¬ 
search laboratories.—Following Woods’ observation of the antagonism 
between p-aminobenzoic acid and sulfanilamide^ on hemolytic streptococci 
in vitro, Selbie showed that oral administration of p-aminobenzoic acid 
could inhibit the chemotherapeutic effect of sulfanilamide on hemolytic 
streptococci infections in mice. Keltch, Baker, Krahl, and Clowes have 
shown that local anesthetics derived from p-aminobenzoic acid exhibit 
a blocking action against the B. coli bacteriostatic property of sulfapyri¬ 
dine and sulfathiazole, while certain other local anesthetics do not have 
this property. It became of interest to determine the effects of these 
two classes of local anesthetics upon the well known antipneumococcal 
chemotherapeutic action of sulfapyridine in white mice. This paper gave 
a preliminary report of these tests. The procedure and results were 
described. A demonstrable inhibition of pneumococcal chemotherapeutic 
action of sulfapyridine has been obtained by certain local anesthetics 
derived from p-aminobenzoic acid but not by certain other local anes¬ 
thetics not derived from p-aminobenzoic acid. 



Isolation of Clostridium felsineum from Samples of 
Indiana Mud 

L. S. McClung, Indiana University 

Although the statement has been made by Baker (1) that anaerobic 
bacteria do not form pigments, a thorough search of the literature 
(particularly the reports of the Italian laboratory at Milan) reveals 
several pigmented species of more than passing interest. For a com¬ 
plete bibliography to these see: Section Ee3 of McCoy and McClung (10) 
and McClung and McCoy. (6). As stated by Carbone and Venturelli (2) 
probably the first was B. rubellus of Okada (1892) and this was followed 
by the bacillus discovered by Ghon and Mucha in an abscess of a kidney 
(1906). 

An organism of special interest is the pigmented species discovered 
in 1916 by Carbone and later named by him Bacillus felsineus [now 
Clostridium felsineum (Carbone and Tombolato) Bergery et ah'] Don- 
ker (3) gives credit to Ruschmann and Bavendamm (12) for being 
the first to isolate the species in pure culture. This organism is able 
to ferment pectin and is used by Carbone in a patented process for the 
retting of flax in linen production. It has been proposed also as a 
fermentation agent for the disposal of garbage according to a patent 
by Jean (4). The literature records isolation of strains similar or 
Identical to CL felsineum from Holland by van der Lek, (14), Argentina 
by Sordelli and Soriano (13), Russia by Muratova (11) and perhaps 
Germany by Ruschmann and Bavendamm (12). 

The organism is a long, slender bacillus producing oval spores and, 
in addition to the production of a light orange pigment, it is charac¬ 
terized by the production of ethyl alcohol, butyl alcohol and acetone 
by fermentation of carbohydrate containing material. In this respect 
it is similar to the non-pigmented butyl species CL acetobutylicwm de¬ 
scribed by McCoy et al. (8). That is a distinct species and different 
from a new orange pigmented form, CL roseum , first described by McCoy 
and McClung (9) was firmly established by serological studies by 
McClung and McCoy (5). 

Perhaps difficulty of isolation and obscurity of the original litera¬ 
ture explains the infrequency of isolation of the species. In a survey 
of the distribution of various types of carbohydrate fermenting clostridia 
it was somewhat surprising to find several positive enrichments of this 
organism. Included in the series were soil and mud samples from 
Brown, Monroe and adjoining counties. From these studies it would 
seem that the organism is distributed more widely than has been thought 
to be the case previously. 

Pasteurized and also unheated dilutions of the samples have been 
incubated in a variety of media known to favor the carbohydrate fer¬ 
menting types. Both room temperature and 37° C. series have been 
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included in our studies. Frequently pigmentation does not occur in 
the original tube until after 3 or more weeks of incubation. Perhaps 
peculiarly, media with pectin as the main source of carbon did not prove 
satisfactory in the studies made to date. 

Successful isolation of pure cultures from the original enrichments 
is attained only with difficulty. Selective pasteurization and a variety 
of other techniques designed to decrease the aerobic contamination have 
been useful. Final purification has been accomplished by plates incu¬ 
bated in the vegetable tissue jar of McClung, McCoy and Fred (7). 
One needs to be constantly on guard for the loss of the power to produce 
pigment by the strains on serial passage incidental to purification pro¬ 
cedures. 
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Professor R. C. Friesner, Butler University, was elected chairman 
of the section for 1942. 


ABSTRACTS 

Taxonomic and phylogenetic peculiarities of Oenothera. Ralph E. 
Cleland, Indiana University.—Oenothera (sub-genus Onagra) has been 
for many years the despair of the taxonomist who finds among the 
welter of intergrading races a few distinctions which can be considered 
of specific significance. Assemblages that can with a clear conscience 
be called “species” are conspicuous by their absence; on the other hand, 
the almost infinite variety shown by the sub-genus makes it impossible 
to group all forms into a single species. It was shown that the diffi¬ 
culties in the way of the taxonomist are due to the peculiar cyto-genetic 
situation in this group. This situation was explained and the taxonomic 
implications pointed out. It may be doubted whether species in the 
accepted sense exist in the group, and it is unlikely that distinctions 
of phylogenetic significance can be made by other than cyto-genetic 
means. 

Variations in Cynodon dactylon (L.) Pers. Charles M. Ek, Ko¬ 
komo.—This paper presented observations of three colonies of Bermuda 
grass in different alleys of Kokomo, Indiana, made during the past three 
summers. The various manuals state that this grass has 3-5 spikes 2-5 
cm. long, whereas there may be 6-10 spikes (rarely 11-14) 5-10 cm. long. 
Deam states the limit of leaves to be 3 mm. wide and 10 cm. long but 
leaves 5-6 mm. wide and 25 cm. long were observed. 

Elongation of the primary axis in four species of pines. Ray C. 
Friesner, Butler University.—Measurements of terminal internodes in 
50 specimens each of Pinus strobus, P. banksiana, P. sylvestris and P. 
resinosa were made weekly from April 1 until September 25, 1941. 
Elongation in all species began during the week ending April 14 and 
in every individual some form of grand period was exhibited, but the 
curve was always unsymmetrical; i.e. if the rise to the peak was rapid, 
the fall from the peak was slow, near-peak rates often being maintained 
for 3 or 4 weeks; on the other hand, if the rise to the peak was slow, 
occupying several weeks, the fall from the peak was rapid. Pinus 
banksiana and P. sylvestris reached their peak in growth rate in most 
individuals during the week ending May 4. This was true of 100% of 
the individuals in the former and 74% in the latter species. In P. 
strobus peaks in elongation rate came during week endings as follows: 
May 4, in 6% of the individuals; May 11, 18%; May 19, 14%; May 26, 
38%; and June 2, 24%. In P. resinosa the peaks were May 11, in 2% 
of the individuals; May 19, 28%; May 26, 60% and June 2, 10%. In 
all species elongation came to a standstill or nearly so for the majority 
of individuals during the week ending June 16. The period during 
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which zero or near-zero growth was reached ranged from June 2 for a 
single individual of P, banksiana and one of P. sylvestris to July 17 for 
two individuals of P. strobv^s, two of P. resinosa and one of P. sylvestris. 
After a brief period of inactivity elongations of from 1 to 8 mm. weekly 
were noted for individuals of all species until the week ending Sep¬ 
tember 25. This post-zero activity is attributed to bud formation and 
elongation. 

Dendrometer studies on six species of deciduous trees in Indiana 
for 1941. Ray C. Friesner, Butler University.—Dendrometers at¬ 
tached to two trees of Fag us grandifolia continuously since April 1, 
1940, showed elongation of radii to begin during tlie weeks ending May 
13, 1940, and May 12, 1941. Initiation of 1940 enlargement coincided 
with the time of full expansion of leaves but that for 1941 was one 
week later than time of full leaf expansion. During both seasons, 
growth continued with increased intensity, the peak being reached in 

1940 during the week ending June 17 and in 1941 during the week 
ending June 2. Growth ended in 1940 during the week ending July 
15 and in 1941 during the week ending June 9. The abrupt ending in 

1941 is correlated with drought conditions. Behavior after cessation 
of growth consisted of losses alternating with recoveries, these being 
correlated with available soil water. Dormant season observations 
(i.e. November-April) showed similar alternating losses and recoveries. 
Expansion in Ulmus fulva began during the week ending April 21 and 
continued until August 26, the peak in rate being reached during the 
week of June 16. Expansion during the four weeks in August was 
only slight (0.08, 0.04, 0.04, 0.02 mm. respectively) while losses were 
registered throughout September. Expansion in Quercus alba began 
during the week ending April 21 and continued until July 28 with the 
peak coming during the week of June 30. August and September were 
occupied with severe losses and some recoveries but with a net loss 
since cessation of enlargement of 1.56 mm. in radius. Expansion in 
Acer saccharum began during the week ending May 12 and continued 
until July 28 with the peak in rate coming during the week of June 30. 
August and September were occupied with alternate losses and re¬ 
coveries. Expansion in Uhmus americana began during the week ending 
April 21 and continued until September 8 with the peak in rate coming 
during the week of June 30. Expansion in Fraxirms americcma began 
during the week of April 21 and continued until May 12. Behavior 
following the latter date was very erratic, periods of loss being followed 
by recoveries with some net gains resulting in the maximum of radius 
length coming during the week of July 21. 

Kodachrome in the plant physiology laboratory. RAYMOND E. 
Girton, Purdue University.—A series of Kodachrome color slides was 
presented showing tests, apparatus, and experimental materials com¬ 
monly used in laboratory exercises in plant physiology. Emphasis is 
laid upon materials or tests in which color is an important factor. Sim¬ 
plicity and economy have been the aim in the selection of laboratory 
material and in the photographic equipment and methods employed. 
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The need for simple botanical research on essential oil plants. 
William D. Gray, Miami University, Oxford, Ohio.—The probable 
effects of the present war upon our ability to obtain certain essential 
oil materials were discussed and parallels drawn with World War I. It 
was pointed out that the growing- of essential oil plants would be a 
profitable venture for American growers and would also be a valuable 
addition to our domestic crop plants. Comparatively little is known 
concerning methods of cultivating essential oil plants in this country. 
For that reason it was urged that research dealing with such problems 
be attempted by botanists so that necessary information will be 
available to those farmers who are willing to attempt the cultiva¬ 
tion of various essential oil plants. If such information is not obtained, 
early attempts at cultivation may result in failures which would dis¬ 
courage further experimentation along these lines. 

The Lake Forest of northern Wisconsin and upper Michigan: A 
phytosociological study. J. E. Potzger, Butler University.—A study 
was made of nine stands of hardwoods and two of pine located in Vilas 
County, Wisconsin and adjacent counties in Wisconsin and Michigan. 
The characteristic association of Pinus strobus and Finns resinosa 
varies in importance of one or the other of these species with soil 
moisture of the habitat. Pinus resinosa is more prominent on dry, 
sandy uplands and Pinus strobns in moist sites. Acer rubrum consti¬ 
tutes the second layer tree stratum in the Pinus resinosa forest type 
and Abies balsamea in the Pinus strobus type. Dominants in the broad¬ 
leaved forest are primarily Acer saccharum f Betula lutea , and Tsuga 
canadensis , while Tilia glabra is of secondary importance in the crown 
cover, occurring usually in isolated clumps. Acer saccharum assumes 
more prominence in the well-drained locations and Tsuga canadensis 
in the moist lowlands, while Betula lutea is of equal importance in both 
association types. Betula and Tsuga reproduce very abundantly on' old 
logs while the more aggressive Acer for some reason cannot invade 
decaying log habitats. 

Seed production in the tulip tree. A. T. Guard, Purdue Univer¬ 
sity.—A study has been made to compare the effect of cross pollination 
on the production of good seed in the tulip tree. Flowers were pollinated 
with pollen from a tree about twenty miles distant. A comparison was 
made of the percentage of good seed from these flowers and those on 
the same tree not thus treated. 

The fungus flora of an insect gall. W. H. Silver, Purdue Univer¬ 
sity.—The galls of Pemphigus vagabundus on poplar have repeatedly 
yielded several forms of Fusarium. Altemaria has also been isolated 
as have other fungi which are as yet unknown. Galls from trees near 
West Lafayette, from trees on the far south side of Chicago, and from 
one tree south and west of Chicago Heights, Illinois have been investi¬ 
gated. The inhibitory actions of some filamentous fungi and of various 
bacteria on the gall fungi, especially the Fusaria, are being investigated. 



Lactic Green* 

Alb ert A. Dietz and Ed. F. Degering, Purdue University, and 
H. H. Schopmeyer, American Maize-Products Co. 

Paris green has been known as a pigment since the 18th century, 
but it was 1868 before its use as an insecticide became popular. It was 
first used in the fight against the Colorado potato beetle (2), and has 
since been used as both powder and spray in combatting the spread of 
various insects. “Its chief disadvantage lies in the fact that it con¬ 
tains soluble arsenic and is very apt to burn the foliage. . . . For this 
reason, and because it is harder to keep in suspension in water and does 
not adhere permanently to foliage, it has been supplanted by arsenate 
of lead for many purposes” (2). Dearborn in a patent (3) and a 
s’eries of papers (4-8) describes numerous homologs of acetic green. Of 
those that were tested a few were found to be slightly more toxic than 
Paris green, but they became too insoluble as the length of the fatty 
acid chain increased. 

Since lactic acid contains an hydroxyl group in addition to the 
carboxyl group, a green prepared from it should, in part, overcome the 
objection of insolubility, and adhere better to the foliage. In a patent, 
Balint (1) states that copper lactate, as well as other aliphatic acid 
radicals can replace copper acetate in the preparation of Paris green. 
He, however, does not describe the lactic green, and no additional refer¬ 
ences to it have been found. Following the suggestion of Dearborn (8) 
that light density products should be given preference over the heavy 
ones often found on the market, both Paris and lactic greens were 
prepared according to the method of Webster (9). The Paris green 
prepared by this method was blue-green, and the lactic-green an 
olive-green. 

As a result of testing numerous suggested methods under varying 
conditions, the fallowing were found necessary if a desirable product 
is to be obtained. 

1. The concentration of the ingredients should be kept as high as 
possible. Attempts to prepare the greens from dilute solutions lead to 
poor yields. 

2. The pH of the reaction mixture must be controlled. If exces¬ 
sive amounts of the acid or alkali are used, the greens will dissolve. 
This is especially true in the case of the lactic green, and in the prepara¬ 
tion of this compound, time must be allowed for the anhydrides to 
hydrolyze. 

3. The copper sulfate and other reagents should be free of iron, 
as the iron causes brown spots in the filter cake. 

* This is an abstract of a portion of a thesis submitted by A. A. Dietz 
to the faculty of Purdue University in partial fulfillment of the require¬ 
ments for the degree of doctor of philosophy, June, 1941. 

The worlt was sponsored by the American Maize-Products Company. 
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4. The directions given in- Webster's patent (9) lead to the forma¬ 
tion of desirable products, provided the copper sulfate is free of iron. 

In accordance with the above suggestions, Paris and lactic greens 
were prepared. Two solutions were used in each case: 

1. 216.5 g. CuSO*. 5H 2 0 + 275 ml. water, and 

2. 129 g. AsaOa + 85 g. Na 2 CO s + BOO ml. water. 

Solution 2 was heated to boiling and added to solution 1 at 60-70°. 
After the reaction had subsided, 25 nil. of glacial acetic acid or 39 ml. 
of 85% lactic acid was added. The mixtures were heated on a hotplate 
for 30 minutes, and then filtered and washed. The filtrate from the lactic 
green contained more copper than that from the Paris green. The 
residues were dried on a hot plate over night. Yield: Paris green, 209.5 
g.; lactic green, 210.3 g. Theoretical: 222 g. and 233 g., respectively. 

The two greens were tested, by J. J. Davis and G. E. Gould, Depart¬ 
ment of Entomology, Purdue, both in the greenhouse and on the field, 
and found to be equal in their insecticide properties.- They were equally 
destructive to the foliage of sensitive plants such as the bean, and ad¬ 
hered to the foliage equally well. In one case the plants were sprayed 
with the two poisons at a dilution of one pound in 50 gallons of water, to 
which two pounds of hydrated lime had been added. The following day 
two plants of each plot were potted and covered with cages. Thirty 
Colorado potato beetle larvae, of various sizes, were introduced onto each 
plant, and the counts of the dead and live insects were made 4 days later. 
On the Paris green sprayed plants 28 and 27 dead larvae were found, 
and on the lactic green sprayed plants 27 and 25 dead larvae. 

Summary 

Lactic green can be prepared by the same methods used in the 
preparation of Paris green. It has been found that the greens are best 
prepared by the method of Webster and that they are equal in respect 
to adherence to foliage, burning of foliage, and insecticide properties. 
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Mary Parry Haines, 1826-1884 

Seville Flowers, University of Utah 

Mary Parry Haines was a naturalist whose scientific collections 
were well known to specialists in various fields. She was best known 
as a paleontologist although she made notable contributions to the 
botany of central eastern Indiana and published articles of geological 
and botanical interest. She was custodian of the Paleontology Depart¬ 
ment of the Museum of the Scientific Association of Richmond, Indiana, 
and a member of the Indiana Horticultural Society. 

That her collections were highly regarded is expressed in the writ¬ 
ings of other scientists. Dr. Dennis wrote in 1878, “I have had the 
constant use of her beautiful and complete collection. The use of her 
classified and labeled specimens has enabled me to do in a few months 
what would otherwise have required years”. Coe F. Austin, in a letter 
to Mrs. Haines, writes, “Some of the best things in my herbarium were 
collected by you—” 

E. T. Cox gives the following enumeration of her collection in 1879: 


'Fossils . 1,628 

Minerals . 1,016 

Land and freshwater shells. 760 

Marine shells and corals. 753 

Musci . 296 

Hepaticae . 206 

Filices . 245 

Algae . 200 


Total . 5,104 


Mary Parry was bom in Cinnaminson, Burlington County, New 
Jersey, December 24, 1826, and died (of a liver affection) in Richmond, 
Indiana, December 8, 1884. Her mother was Letitia Penn Smith, a 
sister of Oliver H. Smith, a well known Whig U. S. senator from 
Connersville, Indiana. Her father was John D. Parry. ' She married 
Joshua W. Haines in 1852. Mr. Haines formerly taught school in 
Wayne Co., Indiana and later became a successful drygoods merchant 
in Richmond. 

The Haineses had three children, Letitia, who married Evans 
Cook; Parry, a son; and Francinia, who married Dr. Frank C. Dale, 
a surgeon in the U. S. Navy. 

In 1880 Mr. Haines retired from business and purchased a large 
ranch in California. Some time after Mrs. Haines’ death Mr. Haines, 
the Dales and the Cooks moved to the California ranch and they all 
died there. Most of the family is buried in Earlham Cemetery in Rich¬ 
mond, their ashes having been returned there from California. 
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Ada L. Bernhardt, librarian at the Morrisson-Reeves Library of 
Richmond, was an intimate friend of Francinia Haines, and was fre¬ 
quently at the Haines* home on North 13th Street in Richmond. From 
a letter written, by Mrs. Bernhardt the following description of the 
Haineses and their home is drawn. 

“Mrs. Haines was an unusually large woman with straight, dark 
hair and dark eyes. Joshua Haines, on the contrary, was a rather 
short man with very curly hair. They were probably birthright 
Friends of the Hicksite Branch. They were considered to be rather 
radical in their views, inclining toward spiritualism, woman's rights 
and anti-slavery”. Mrs. Haines was a strong-minded woman and 
probably took the lead in family affairs. 

“She had a large, high walnut case of drawers, in what was 
probably called a library in their large residence, and in it her collec¬ 
tions were neatly arranged. Oil portraits of the family decorated the 
walls of their large ‘parlor*.” Thus far a picture of Mrs. Haines has 
not been found. 

Some time after Mrs. Haines* death the collections were sold. The 
fossils and minerals were sent to the Walker Museum at the University 
of Chicago where they are still preserved. The disposition of the 
remainder of the collection is not known.i 

The Bryophytes and Lichens of the Haines Collection 

In 1927 several collections of plants came into my possession, among 
which were the mosses, hepatics and lichens collected by Mary P. Haines. 
A few documents accompanied the plants. The following are the various 
items: 

An album containing 269 specimens of mosses. 

Herbarium sheets bearing 449 specimens of mosses, 71 hepatics, 293 
lichens and 26 miscellaneous specimens. 

Two letters from Coe F. Austin, Closter, N. J. 

A letter from Miss H. J. Biddlecome, Springfield, Ohio. 

A list of mosses from Jennie Watson, Massillon, Ohio. 


Mosses 

718 

specimens 

105 

genera 

360 species 

Hepatics 

71 

<« 

36 

a 

71 

Lichens 

293 

u 

48 

it 

246 

Total 

1,082 

it 

189 

u 

677 


Mrs. Haines assembled this remarkable collection in a short time. 
The specimens are small and are mounted on 3 x 4 inch cards. They 
are beautifully arranged and hours must have been consumed in their 
preparation. Some specimens consist of a single plant or a few stems 
very artistically spread out, others consist of small tufts or mats care¬ 
fully selected and glued to the mount. Most specimens are well fruited, 
although many sterile plants are included, and all seem to have been 
selected for beauty and symmetry. Usually only one specimen was 

l I wish to acknowledge the collaboration of Dr. Winona H. Welch of 
DePauw University, and Mr. Lawrence J. King, of the University of Chi¬ 
cago, in assembling the data for this biography. 
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placed on a card but in many cases as many as four small species are 
arranged on one card. The names of the species are written on the 
cards and usually the locality is given, but other data are scanty. The 
habitat, date and collector’s name are seldom given except for some 
specimens obtained from other collectors. Since the original names were 
written on the cards someone has added the family names of the mosses 
and indicated more recent nomenclature in many instances. 

The care and devotion to this work is reflected in several poetical 
quotations included in the moss album. Two of them are given here. 

Parent of God! we recognize thy hand 
In these minuter objects of thy care; 

Tread we the mountain’s brow or ocean’s strand, 

The humblest of thy work and praise declare. 

Thus are we taught thy wisdom and thy power, 

By care of sparrow’s plume and moss’s frond,— 

Much more of nobler creatures. Let the flower 
And verdant sward, that clothes the arid ground, 

Show us thy love displayed in Nature’s field around. 

He prayeth well who loveth well 
All things, both great and small. 

For the good God who loveth us, 

Made these,—and loveth all. 2 

When the collection came into my possession it was in a badly 
neglected condition. Apparently it had been stored for many years in 
a leaky and poorly protected place, for soot and mildew have discolored 
some of the mounts and nearly obliterated the writing. The album has 
been kept intact, but the other mounts have been placed in envelopes. 

Sources and Localities 

Apparntly Mrs. Haines did not begin the byrophyte and lichen 
collection until 1875. This date appears on the fly leaf of the moss 
album while dates appearing on a number of the specimens collected 
near Richmond range from 1876 to 1877. Specimens from other 
collections bear dates ranging from 1820 to 1879. 

Eighty specimens of mosses, ten hepatics and fifteen lichens were 
collected near Richmond by Mrs. Haines. In addition there are thirty 
specimens with no locality given which probably came from the Rich¬ 
mond area. Some of these were mounted and labeled by someone else. 
Mrs. Haines also collected in Pennsylvania and New Jersey but the 
exact plants &re uncertain. She sent most of her specimens to specialists 
for identification and named a few herself. Coe F. Austin probably 
named her mosses and Prof. Tuckermann the lichens. 

The following is a letter from Coe F. Austin:* 

Closter, N. J., Nov. 22/79 

My Dear Mrs. Haines: 

It is to be regretted that you cannot get a little leisure for moss 
collecting. Some of the best things in my herbarium were collected by 


3 Alterations in these lines are Mrs. Haines’. 
* Other letters will be sent on request. 
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you: e. g., Leskea denticulata in fruit, Leptodon OMoense, Cylindroth. compressum 
and Calypogia arguta. By the way, I sent a bit of your specimen to Mr. Richie 
who returned me a fine lot of it. 

If you have no copy of the Bulletin for Sept., 1879, in which Orth. Hainesiae 
is described, I will send you one. 

I am now preparing an article for the Bulletin which every Bryologist 
ought to see. It will probably appear in the Dec. No. It is a criticism on 
a paper recently published in the Proc. of the Amer. Acad, of Arts & 
Sciences, entitled “Description of some new American Mosses’', by two of 
the most eminent American Bryologists, and claimed to have been per¬ 
sonally revised and sanctioned by the justly renown W. P. Schimper. 

I return your specimens, regretting that time would not permit me 
to name them all. 

Have done nothing with moss since last spring. Hope to be able to 
take them up again soon. 

Should like to hear from your Colorado friend again. 

Very truly yours, 

C. F. Austin 

The largest part of the collection was obtained from other botanists. 
Mrs. Jessie Roy, of Royston Park, Owen Sound, Ontario, contributed 
the greatest number of plants of any of Mrs. Haines’ correspondents. 
Mrs. Roy was a collector of importance during the last century and her 
contributions are mentioned repeatedly in the Lesquereux and James 
Manual of Mosses. It appears that Mrs. Roy obtained most of these 
specimens from other collectors both in Europe and America. One 
hundred twenty-six specimens of mosses bear the name of The Rev. 
J. Ferguson of Forforshire, Scotland, and forty-seven specimens were 
collected by various people in England. Mrs. Roy traveled extensively 
and mosses from Canada, Colorado, California and Europe are attributed 
to her. 

Sixty specimens of mosses, four hepatics and seventy-one lichens 
were collected by G. W. Clinton of Buffalo, New York, and most of them 
have his printed forms pasted on the backs of the cards. The largest 
number of these came from the vicinity of Buffalo and a few others from 
scattered localities in western New York. 

Fifty-four mosses, sixteen hepatics and ninety-five lichens appear to 
have been collected by J. Wolf of Canton, Illinois. Nowhere in the 
collection is J. Wolf's name cited except that two species are named in 
his honor and noted as new species. Hence, it is assumed that they 
were collected by him and are part of the type collection. 

Elihu Hall contributed twenty-six mosses, two hepatics and seven 
lichens from Oregon, and a few specimens from Illinois. These may 
have reached the Haines collection through Mrs. Roy. 

Thirty-four mosses and fifteen lichens from Alma, Park Co., Colo¬ 
rado are among the most interesting plants of the collection. Only one 
bears the collector’s name, a Mrs. Douglas. This is apparently the 
“Colorado friend” mentioned by Austin in his letter to Mrs. Haines. 
Three species out of the fifteen mosses are described as new by Austin. 
Orthotrichum Hainesiae Aust. commemorates Mrs. Haines' name in 
botanical literature. 

Miss H. J. Biddlecome of Springfield, Ohio was a close friend and 
correspondent of Mrs. Haines. She contributed about forty specimens 
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from the region around Springfield and Urbana, Ohio. Mrs. E. J. Spence 
also contributed specimens from western Ohio, and a few from Colorado 
and California. Nine specimens from Painesville, Ohio were apparently 
sent by Dr. H. C. Beardslee. Miss Jennie Watson of Massillon, Ohio 
sent a few plants from that region and a few from Florida. 

About thirty-five specimens from the New England states were 
probably collected and sent by Thomas P. James. 

About twenty specimens from California were collected by a Mrs. 
Rhodes of Magalia, Butte County. Also T. S. Brandegee and Mrs. E. J. 
Spence contributed a few specimens from the west. 

About thirty specimens from Hawaii are unnamed and were proba¬ 
bly collected by Dr. F. C. Dale (Mrs. Haines son-in-law). His name is 
on one of the mounts. 

About seventy specimens from the Atlantic and Gulf states and 
the Mississippi Valley are without collectors cited. About thirty speci¬ 
mens came from foreign lands ineluding Mexico, Central America, the 
East Indies, and others. 



Respiration Studies on Germinating White-Oak Acorns 

Raymond E. Girton and Edgar R. Park, Purdue University 

Introduction. It is a well known fact that the respiration rates of 
germinating seeds commonly increase from a low rate for the dormant 
stage to relatively high values during active germination. 1 2 3 4 Dormant 
seeds are usually characterized by low moisture contents which may be 
as little as 11 per cents 0 r even less. Dormant white-oak acorns 
(Quercus alba,), on the other hand, were found in this study to possess 
moisture contents of 35-45 per cent or sometimes greater. It is there¬ 
fore of interest to examine their respiratory behavior during the course 
of germination. 

Methods. Moisture contents were determined by drying in an 
electric oven for a specified period. A two-day period was used when 
drying was accomplished at 102° C. A five-day period and a temperature 
of 80° C. were employed when it was desired to use the dry material for 
further analysis. In all cases, the acorns were first cut into pieces in 
order to hasten drying. 

Germination was accomplished in coarse, moist sawdust. Asphalt- 
painted cans with bottom drainage holes were filled with the sawdust 
and autoclaved for about one-half hour. The sawdust was then leached 
with several volumes of tap water. Prior to planting, the acorns were 
sterilized with a 0.25 per cent solution of Uspulum. Germination took 
place in the laboratory at room temperatures of about 20° C. 

Respiration was measured in terms of oxygen consumption in a 
respirometer described by Girton.3 This respirometer is of the mer¬ 
cury manometer type and accommodated 6 to 8 dormant acorns. Respi¬ 
ration measurements were made at 20° C. and at 25° C. for periods of 
1.5 and 1.25 hours respectively. Duplicate determinations were made 
throughout. 

Experiment No. 1^. The oxygen absorption of germinating white- 
oak acorns over a twenty-day period is indicated in Figure 1. Respira¬ 
tion at 20° C. is here measured in cubic centimeters of oxygen absorbed 
per six acorns per 1.5 hours. These values, when plotted against days, 
give the trend of respiratory activity. It can be seen that, in this case, 
the rather high initial rate for the dormant acorns falls to the third 
day, after which the rate rises with time. 


1 Stiles, W. and Leach, W.j Respiration in Plants. Second Edition, 
Methuen, 1936. 

2 Raber, O.; Principles of Plant Physiology, Revised Edition, Mac¬ 
millan, 1933. 

3 Girton, Raymond E., A simple respirometer for quantitative class ex¬ 
periments. Proc. Ind. Acad. Sci., 39:119-122. 

4 Described in detail by Park, Edgar R. A study of respiration in white- 
oak acorns. Thesis, Purdue University, 1941. 
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This fall in rate during the early stage of germination is not usual 
for germinating seeds. It seemed, therefore, of interest to make a 
study of composition changes in these acorns during germination. Ether 
extraction of the dried material brought out the interesting feature that 
there was an apparent reciprocal relationship between lipid content and 
the rate of oxygen absorption (Fig. 2.) It is evident from this figure 



Fig. 1. Respiration of germinating white-oak acorns at 20° C.— 
experiment 1. 


that during germination, the lipid percentage increased during the first 
three days and decreased thereafter. This initial increase in lipids may 
have been at the expense of soluble carbohydrates originally present in 
the dormant acorns. The subsequent decrease in the lipid content during 
germination and the accompanying increase in respiratory rate are in 
keeping with the generally accepted facts that the conversion of lipids 
to carbohydrates requires the addition of oxygen and that carbohydrates 
are the favored substrates of respiration. 

Experiment No. 2. A similar study was carried out with white- 
oak acorns collected a year later from a different source. These acorns 



Fig. 2. Respiration and content of ether-soluble materials of germinat¬ 
ing white-oak acorns—experiment 2. 

Fig. 3. Respiration of germinating white-oak acorns at 25° C.—experi¬ 
ment 2. Initial moisture content of the dormant acorns was 35 per cent. 


had a moisture content of approximately 35 per cent while in the 
dormant condition. Germination was accompanied by an initial and 
continued upward trend in oxygen absorption at 25° C. This is shown 
in Figure 3. Here the initial rate was low and evidently does not decrease 
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during* the early stages of germination. This behavior is similar to that 
of many seeds which have been studied in this respect. 3 

Experiment No. 3. The acorns used in this experiment had been 
collected after a rainy period and were therefore considerably more 
moist than those of the previous experiment. The average moisture 
content for this material was 46 per cent for the dormant acorns. We 
see from Figure 4 that in this case there is a suggestion of a depression 
in oxygen absorption with the first day of germination. The average 
rate for the third day, however, approximates that obtaining initially, 
and subsequent germination is associated with further increased respira¬ 
tory rates. 

Experiment No. 4. In this experiment an effort was made to cor¬ 
relate respiration with actual stage of germination instead of with 
time. Five classes of acorns were used. They were: dormant, and 
those with 0-3, 3-6, 6-9, and 9-12 centimeter primary roots. As can be 



Fig-. 4. Respiration of germinating white-oak acorns at 25° C.—experi¬ 
ment 3. Initial moisture content of the dormant acorns was 46 per cent. 

Fig. 5. Respiration of germinating white-oak acorns at 25° C.—experi¬ 
ment 4. Respiratory rate plotted, against growth of the primary root. 
Initial moisture content of the dormant acorn was 39 per cent. 


seen in Figure 5, the rate of oxygen absorption increased continually 
with advancing germination. The dormant acorns had a somewhat 
lower moisture content (39 per cent) than those of experiment no. 3 
owing to the storage in rather dry air. This may account for their low 
initial rate as compared with the dormant acorns of the previous 
experiment. The increased slope of the last segment of the curve is 
believed to be due to the advent of short lateral roots at this stage of 
development. 

Discussion and conclusions. It is evident from the foregoing that 
the high moisture contents of acorns, as compared with many common 
seeds, is related to a high respiratory activity while still in the dormant 
condition. White-oak - acorns, when placed under conditions favorable 


5 Stiles, W. and Leach, W. Ibid. 
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for germination may, in some cases, show increasing rates of oxygen 
absorption from the very start. In other cases, and this appears to be 
associated with higher moisture contents, the initial respiratory rate 
may fall temporarily but again rises with time as germination goes on. 
In one case, at least, ether-extractable materials were shown to in¬ 
crease temporarily with this early fall. Finally, increased elongation 
of the primary root in germination is accompanied by an increased rate 
of oxygen absorption over a considerable period. 



Colchicine-Induced Tetraploidy in Oenothera 

Adolph Hecht, Indiana University 

During the past few years following the discovery by Blakeslee 
(1937) of the use of the drug colchicine for inducing polyploidy in 
plants many species have been subjected to colchicine treatment, and 
the great majority of these have responded by giving rise to polyploid 
cells, tissues and plants. The genus Oenothera , owing to the peculiar 
cytogenetics of most of its species, should provide a fertile field for a 
study of the genetic and cytologic behavior of tetraploids, yet very little 
work of this kind has thus far been reported. Other than for the pre¬ 
liminary report (Hecht, 1940) of this present paper, the writer is 
aware of only one other colchicine study with Oenothera , viz. the report 
by Stomps (1939) of the -induction of 0. “gigas” following colchicine 
treatment of O. lamarckiana. This present study was undertaken in 
order to study the general effects of polyploidy in Oenothera t and to 
test further some of the existing theories and hypotheses which have 
been developed by analysis of the cytogenetic behavior of the diploid 
Oenotheras. 

Methods 

This investigation is part of a general study wjiieh the writer is 
conducting on the subgenus Raimannia of Oenothera, and for this reason 
almost all of the species treated belong to the Raimannias. The tax¬ 
onomic treatment of this group by Munz (1935) has been followed 
throughout this work. In addition to the binomials given by Munz, 
each collection has been assigned a race name, which follows the specific 
name; in most instances this race name is the name of the locality where 
the seed was originally obtained. The cytogenetic characteristics of 
these races are discussed by the writer in a paper now in preparation. 

Seeds of thirty species, races and hybrids were placed upon moist 
filter paper in petri dishes to germinate, and as soon as evidence of 
germination was visible the excess water was drained off and replaced 
with 5 to 7 cc. of a 0.2% solution of colchicine in tap water. In the 
first series of experiments (1940) all germinated seeds were removed 
and planted two days after treatment, and on successive days thereafter 
up to the sixteenth day after treatment, by which time most of the 
viable seeds had germinated. In the second group of experiments (1941) 
the germinated seeds were removed and planted one day after treat¬ 
ment, and for several successive days thereafter all newly germinated 
seeds were similarly treated. All of the seedlings grew very slowly at 
first, and a number of them were characterized by monstrous growths. 
Most of the latter soon died, but a few of them survived to maturity, 
usually by the growth of a lateral bud. As soon as all danger of frost 
was over selected seedlings from each of the cultures were transplanted 
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(all were transplanted in 1941) into the field where they remained 
throughout the season. 

Observations and Discussion 

Table I lists the cultures which were treated with colchicine; and 
records the occurrence of tetraploidy following the treatment. All of 
the hybrids which died following colchicine treatment (except no. 19) 
were ones which also died before reaching maturity as untreated diploids. 

Some of the plants were chimaeras, having some branches which 
were tetraploid and others diploid. In some instances only one branch 
was tetraploid and the rest of the plant was diploid, and vice-versa. 

TABLE 1. Cultures Treated with Colchicine: A “plus” indicates 
that tetraploid plants were obtained, and a “minus” where all remained 
diploid. Cultures which died before reaching maturity are so indicated. 


Effect of 

Culture Treatment 

1. 0. affinis Buenos Aires + 

2. 0. affinis Argentina + 

3. 0. affinis Florida + 

4. 0. laciniata Rockport + 

5. 0. laciniata Van Buren — 

6. 0. longiflora Buenos Aires + 

7. 0. macrosceles Saltillo + 

8. 0. odorata Quequen — 

9. 0. parodiana Florida + 

10. 0. parodiana Buenos Aires + 

11. 0. rhombipetala Bridgeport + 

12. 0. stricta Buenos Aires 4* 

13. 0. (Onagra) hookeri + 

14. 0. affinis Buenos Aires x 0. macrosceles Saltillo died 

15. 0. affinis Buenos Aires x 0. (Onagra) hookeri died 

16. 0. laciniata Rockport x 0. heterophylla Kaicaster died 

17. 0. laciniata Jacksonville x 0. mollissima Buenos Aires died 

18. 0. longiflora Buenos Aires x 0. affinis Buenos Aires — 

19. 0. longiflora Buenos Aires x 0. drummondii Corpus 

Christi died 

20. 0. longiflora Buenos Aires x 0. rhombipetala Bridgeport died 

21. 0. longiflora Buenos Aires x 0. (Onagra) hookeri died 

22. 0. mollissima Canelones x 0. indecora Banado Medina + 

23. 0. mollissima Canelones x 0. rhombipetala Bridgeport — 

24. 0. parodiana Florida x 0. affinis Florida — 

25. 0. parodiana Florida x 0. affinis Buenos Aires -j- 

26. 0. parodiana Florida x 0. heterophylla Kaicaster tentatively + 

27. 0. parodiana Florida x 0. longiflora Buenos Aires — 

28. 0. parodiana Florida x 0. (Onagra) lamarckiana — 

29. 0. Parodiana Buenos Aires x 0. (Onagra) hookeri died 

30. 0. rhombipetala Bridgeport x 0. laciniata Rockport died 
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PLATE I, Explanation of figures: Fig. 1. Photomicrograph of pollen from 
diploid O. rhombipetala Bridgeport . Fig. 2. Photomicrograph of pollen from 
tetraploid 0. rhombipetala Bridgeport. Fig. 3. Photomicrograph of pollen from 
tetraploid 0. laciniata Rovkport. Fig. 4. To the left, buds of diploid, and to the 
right buds of tetraploid 0. rhombipetala Bridgeport . Fig. 5. On the left a shoot 
from the tetraploid, and on the right a shoot from the diploid of 0. affinis 
Argentina. Fig. 6. On the left a bud from the tetraploid, and on the right a bud 
from the diploid of O. affinis Argentina. Fig. 7. To the left, leaves from tetra¬ 
ploid, and to the right leaves from diploid 0. rhombipetala Bridgeport . 
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In other instances the division of the two' chromosome types appeared 
to be more equal, such that one side of the plant was tetraploid and 
the other diploid. 

The tetraploids were distinguished from the diploids on a basis of 
several general morphological differences which will be discussed later, 
and of course by chromosome count at meiosis (n=7), but a rapid and 
apparently reliable indicator of tetraploidy was found in the character 
of the pollen. Pollen from diploid Oenotheras is characterized by having 
three prominent lobes (Fig. 1), on which the germinal pores are located, 
and only quite rarely are grains with four or more lobes found. Lutz 
(1909) showed that four lobed grains such as are shown in Figure 2 
are the rule in 0 . “gigas”, and occasionally grains with even a greater 
number of lobes (as many as eight) may be formed. This phenomenon 
has been studied and further correlated with chromosome number by 
Boedyn (1924, 1928). This pollen character of tetraploids is not peculiar 
to Oenothera, but owing to the fact that the germinal pores are located 
on prominent lobes the character is more obvious in this genus than in 
most others. Warmke and Blakeslee (1939) figure pollen grains from 
colchicine-induced tetraploids of Nicotiana with four germinal pores as 
compared with only three for the diploids, but other than for their 
being larger in size these tetraploid grains exhibit no surface features 
not present on the diploid grains. Four and more lobed grains are 
frequently found in Oenothera hybrids which show some degree of non¬ 
disjunction, but in such instances these are accompanied by one and 
two lobed grains. The latter likely represent the lesser chromosome- 
number cells following non-disjunction, and the former, those cells which 
contain more than the haploid complement. The four lobed pollen from 
some of the tetraploids, such as those of 0. rhombipetala Bridgeport, 
have their lobes of equal size, and arranged in the shape of a Maltese 
cross (Fig. 2), but others, such as those of O. laciniata Bockport, have 
at least some of their pollen in the shape of the ordinary triangular 
haploid pollen, but with one or more smaller lobes emerging from some 
other surface of the grain (Fig. 3). As may readily be seen by com¬ 
paring Figures 1 and 2, which are at the same magnification, the 
pollen from the tetraploids is appreciably larger than that from the 
diploids. Measurements of the four lobed grains from the tetraploids 
and of the three lobed grains from the diploids of 0* rhombipetala Bridge¬ 
port, O. laciniata Bockport and 0. affinis Argentina show distinct means 
for these two types of grains. 

Some of the pollen from the tetraploids is three lobed, but the grains 
are larger than those produced by the diploids. A series of four-hun¬ 
dred measurements were made to compare the diameters of the three 
lobed grains from diploid and tetraploid 0. affinis Argentina . Diameters 
were measured from the tip of a lobe perpendicular to the opposite base. 
Two hundred grains of each type were measured, and the results, plotted 
according to the micrometer units used—each of which equals 2 and 2/45 
microns, are shown graphically in text Figure 1. The shaded area 
represents the overlap of the grains from the'tetraploids on those from 
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the diploids. Since the mean diameter of the latter is thus 187±: a 
standard error of 0.27 microns, and that of the former is 225±1.18 
microns, it is apparent that the three lobed grains from the tetraploids 
are different from similarly-shaped haploid grains from the diploids, 
and the former likely contain the diploid chromosome number as do the 
four lobed grains. While such evidence is only presumptive it is sup¬ 
ported by the fact that the pollen of long established tetraploid Oenothera 
species, such as 0. (Hartmannia) speciosa and 0. (Kneiffia) glauca, and 
the octaploid O. (Kneiffia) fruticosa have mostly three lobed pollen. 0 . 
glauca has previously been reported as tetraploid by Schwemmle (1924), 
and the present writer has been able to confirm this condition by chromo- 



Text-figure X. Block diagram comparing the distribution in size of three- 
lobed pollen grains from diploid and tetraploid O. afflnis Argentina . The shaded 
area represents the overlap of the grains from the tetraploids on those from the 
diploids. 

some counts. Dr. J. M. Beal of the University of Chicago has studied 
0. speciosa and found it to be tetraploid but has not yet published his 
findings; the writer has obtained plants of 0. speciosa from Beal, and 
chromosome counts made from them confirm the latter’s observations. 
O. fruticosa likely represents the first case of naturally occurring octa- 
ploidy to be reported for Oenothera . A eytological study of this octa¬ 
ploid is projected. 

The tetraploids can be distinguished fairly well from the diploids 
on a basis of certain gross morphological differences, but each species 
differs to some extent in the expression of these tetraploid character¬ 
istics. In general, however, the tetraploids tend to be slightly taller, 
have slightly larger flowers, thicker leaves, stems, hypanthia, etc., and 
somewhat larger (especially broader) leaves. Preliminary measure¬ 
ments of leaf thickness of 0. rhombipetala Bridgeport show the leaves 
of the tetraploids to measure 40 micrometer units to 30 for the diploid 
leaves. Similarly for 0. afflnis Argentina the tetraploid measurement 
is 30 units to 20 for the diploids. This difference seems to be due to 
larger cells rather than to more cells. A tetraploid character shown in 
most of the species, but especially well in 0 . affinis consists in the spread¬ 
ing of the calyx tips. In Figure 5, which shows a diploid shoot on the 
right and a tetraploid shoot on the left, the greater spread of the calyx 
tips of the tetraploid and the greater diameter of the tetraploid hy- 
panthium is clearly evident. Figure 6 is a close-up of one bud from 
each. The calyx tips of tetraploid 0. rhombipetala Bridgeport are as 
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closely appressed as are those of its diploid buds (Pig. 4), but the 
serrations of the leaves well serve to distinguish the tetraploids from 
the diploids. Figure 7 shows two leaves from a tetraploid plant on the 
left, and two from a diploid plant on the right; as may clearly be seen 
the margins of the diploid leaves are almost entire, whereas those of 
the tetraploid leaves are distinctly serrate. 

A more detailed cytological analysis of these induced tetraploids 
is now in progress, but thus far a careful study has been made of the 
following two races: 0. rhombipetala Bridgeport and 0. laciniata Rock- 
port. Since both of these as diploids show a circle of four and five pairs 
of chromosomes at meiosis, and segregates to seven pairs, the maximum 
configuration to be expected in the tetraploids would be a circle of 
eight and five circles of four. The circle of eight was seen in a number 
of cells (in at least twelve of those carefully examined), but no more 
than four circles of four were found in the material available. Sev¬ 
eral circles of six were observed, and of course all chromosomes not in 
circles were associated as bivalents. 

The fertility of the tetraploids appears to depend upon the genetic 
situation already present in the species as a diploid. 0. laciniata Rock- 
port and O. rhombipetala Bridgeport showed almost as high fertility 
(except for self-sterility in the latter) in the tetraploid as in the diploid 
state, but tetraploids of O. affinis Argentina showed very appreciably 
reduced fertility. Seeds of all three were obtained, however, and the 
progeny which were grown the following year (1941) were uniformly 
tetraploid in appearance; cytological studies of these are now in progress. 

A tetraploid of 0. rhombipetala Bridgeport was pollinated with 
pollen from a diploid plant of this race, and one mature plant has been 
obtained from the seed produced. As would be expected it is a triploid, 
twenty-one being the somatic chromosome number. Preliminary cyto¬ 
logical observations seem to show the presence of trivalent association 
of the chromosomes, and second meiotic division plates with ten and 
eleven chromosomes, respectively, though in most instances a few of the 
chromosomes appear to lag. 

Spontaneous tetraploids have previously been reported for Raimannia 
by Schwemmle (1928). One plant from the F» of 0. affinis x 0. odorata 
was found to have several tetraploid branches; their bud and pollen 
characteristics as described by Schwemmle agree in all respects with the 
colchicine induced tetraploid affinis described here. 0. “ gigas ”, the spon¬ 
taneous tetraploid of 0. (Onagra) lamarckiana, which is a classic in 
genetic literature, has recently been induced following colchicine treat¬ 
ment, by Stomps (1939). He finds that it is entirely similar to the 
spontaneously evolved “gigas”. At present little can be predicted about 
any future evolutionary significance of polyploidy in either Onagra or 
Raimannia . At least two of the Raimannia tetraploids seem to be rather 
highly fertile and true breeding, and do show somewhat increased vigor 
as compared to their diploid progenitors, but whether higher polyploids 
can be obtained from these yet remains to be seen. As has been men¬ 
tioned, natural polyploid species of Oenothera do occur in the subgenera 
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Kneiffia, and Hartmannia, but from an evolutionary standpoint neither 
of these has been as successful as either Onagra or Raimannia. 


Summary 

1. Tetraploid plants were obtained in about fourteen races and 
hybrids of Oenothera following treatment of the germinating seeds with 
colchicine. 

2. The tetraploids differ from the diploids in general enlargement 
of all parts, and in several other characters peculiar to each of the 
species involved. 

3. Whereas pollen grains from diploid Oenotheras are three lobed, 
many of those from the corresponding tetraploids are at least four lobed. 

4. If the diploid configuration is a circle of four chromosomes, that 
of the tetraploid tends to be a circle of eight, but not all cells form 
circles this large. The bivalents tend to become tetravalents, but some 
of the associations of four fail also. 

5. The evolutionary significance of polyploidy in Oenothera is 
briefly discussed. 
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Certain Aspects of the Nutrition of Tomato Seedlings 
in Sand Culture 

Wendell E. Mullison, Purdue University 

The present work is a study of the effect on tomato seedlings of 
the interrelations of the cations and anions present in a three-salt 
nutrient solution. This was done by means of two triangle systems 
which have recently been described (2) (4); whereby the anions or 
cations of a three-salt nutrient solution can be varied and yet have the 
rest of the nutrient solution constant as desired without the addition 
of other elements than the original ones. In Triangle I the anions were 
varied and the cations held constant; in Triangle II the cations were 
varied and the anions were kept constant. 

All of the salts used in the experiment with the exception of the 
calcium salts were O.OD45 molar concentration; the calcium salts were 
0.006 molar. For Triangle I three stock solutions, N, S, and P were 
prepared. Solution N consisted of potassium nitrate, magnesium nitrate, 
and calcium nitrate. Solution S consisted of potassium suifate, mag¬ 
nesium sulfate, and calcium sulfate. Solution P contained monobasic 
calcium phosphate, potassium dihydrogen phosphate, ana monobasic 
magnesium phosphate. 

Plants at one corner of Triangle I were watered with a solution 
containing only the various nitrate salts; at a second corner with a 
solution containing only the sulfate salts; and at the third with the 
solution containing only the phosphate salts, as noted in Figure 1. All 
intermediate points were watered with solutions made by mixing to¬ 
gether various amounts of these three stock solutions so that each 
point on the triangle varied by 1/6 from every other point. 

In Triangle II, three stock solutions, M, K, and C were used. M 
consisted of magnesium nitrate, magnesium sulfate, and monobasic 
magnesium phosphate. K contained potassium nitrate, potassium sul¬ 
fate, and potassium dihydrogen phosphate. C consisted of calcium 
nitrate, monobasic calcium phosphate, and calcium sulfate. Plants of 
Triangle II were watered with M, K and C as shown in Figure 2 in a 
fashion similar to that of the first triangle. Since detailed work with 
the 28 different nutrient solutions of the two triangles had been done 
using bean (2) and barley (4), only certain points of the triangles 
were used in the present work, as noted in the accompanying figures. 

Tomato seeds of the Marglobe variety were germinated in pure 
quartz sand and were fed with a complete nutrient solution until they 
were twenty-one days old, at which time they were transplanted into 
glazed 4x8 inch self-draining crocks. They were placed on the experi¬ 
mental treatments at this time and were fed every other day, being 
watered with distilled water on alternate days. Altogether about 700 
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plants were used. The experiment performed first in the early summer 
was repeated again during the late summer and fall. All plants were 
harvested when 49 days old. Since the results obtained were similar 
to those previously reported (4) only the data for the dry weights of 
the tops are recorded here in Figures 1 and 2. 

It was noted that the potassium deficiency symptoms appeared 
sooner in Triangle II than they did in another experiment on potassium 
nutrition being carried on at the same time. In the latter experiment a 
sodium salt had been substituted for a potassium salt. Therefore it was 
decided to set up an experiment to see if sodium was causing this effect, 
and if so, to determine how much sodium could substitute for potassium 
in the metabolism of tomato seedlings. In most work dealing with 
potassium deficiency a sodium salt has been substituted for the potassium 
salt (3) (5) (6). 

Individual pots of half of a large group of tomato seedlings were 
supplied with nutrient solutions containing the following parts per 
million of potassium: 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 100, 
140, and 180. The nutrient solution was complete in every other re¬ 
spect. The other half of the group was given nutrient solutions which 
contained, in addition to the above-mentioned amounts of potassium, 
enough sodium to bring to 180 p.p.m. the total amount of potassium 
plus sodium given to any one plant. The potassium and sodium varied 
in inverse amounts. Thus, a plant in this group receiving 10 p.p.m. of 
potassium received in addition 170 p.p.m. of sodium, while a plant re¬ 
ceiving 100 p.p.m. of potassium received also 80 p.p.m. of sodium. The 
basic minus-potassium solution contained 0.006 molar calcium nitrate, 
0.00225 molar magnesium sulfate and 0.00225 molar monobasic mag¬ 
nesium phosphate. Potassium and sodium were added in the form of 
chlorides. The stock solutions of these were made up in such concen¬ 
trations that 1 cc. of either one contained 5 p.p.m. Sufficient quantities 
of these were added to the basic minus-potassium solution to give the 
desired amounts of potassium and sodium. The complete nutrient solu¬ 
tion used as a control contained 180 p.p.m, of potassium, as a modified 
Shive’s three salt solution usually contains about that concentration. 
The complete solution was made by adding enough potassium chloride 
to the base solution to make 180 p.p.m. of potassium. This was used 
rather than a three-salt solution so as to determine whether the chloride 
ion was responsible for any of the results. 

Results and Discussion 

Dry weights of the tops of the plants given each treatment of the 
triangles are shown in Figures 1 and 2, 

Plants of Triangle I were as a group slightly better than plants 
of Triangle II. The usual deficiency symptoms of' 4 the six ions involved 
were noted as described in the literature, and for the most part the 
interrelations of the various ions produced results similar to those 
previously noted for barley (4). Certain noteworthy manifestations 
are described below. 
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Triangle I. NO s , SO*, PO* varied; Mg, K, and Ca constant. 

Deficiency symptoms began to appear after several days. Plants 
without nitrogen began to become hard and to appear stunted and 
yellow. Those plants given a high phosphate concentration in the total 
absence of nitrates, or with the nitrates very low in amount, became 
stunted as a result of phosphorus toxicity. Even a little nitrogen was 
able to alleviate this phosphorus toxicity since plants fed with 
SO P% remained in fairly good condition, while the plants given NO 



Fig. 1. Triangle L Fractions denote amounts of solutions N, S, and 
P mixed together to make the nutrient solution used for watering that 
point of the triangle. Numbers below refer to average dry weight in grams 
for four seedlings. Only key points of the triangle were used. 

SO PI were almost dead. Phosphorus deficiency became apparent very 
early in the growth responses of the seedlings, in fact, sometimes 
appearing faster than the nitrogen deficiency. It was manifested by 
stunting and a purplish color starting along the veins on the under 
sides of the leaves which remained a dark green. Sulfur deficiency 
caused a slight stunting and a chlorotic mottling of the leaves. 

Results of treatments in the central regions of the triangle showed 
such slight variations as not to be significant. 

Triangle II. Mg, K, Ca varied; N0 3 , SO*, PO* constant. 

Here the first deficiency symptoms, those caused by lack of potas¬ 
sium, appeared soon and were manifested by severe stunting and the 
curling downward of leaves, rather than by a die-back from the tips 
as occurs, e.g., in barley. 

Calcium deficiency resulted in a severe stunting and in the death 
of the terminal meristem. 

There were no clear-cut symptoms produced by lack of magnesium 
excepting a slight stunting. A calcium-magnesium relationship was 
not found in this experiment with tomato seedlings. When plants were 
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Fig-. 2. Triangle II. Fractions denote amounts of solutions M, K, and 
C mixed together to make the nutrient solution used for watering that 
point of the triangle. Numbers below refer to average dry weight in 
grams for four seedlings. Only key points of the triangle were used. 



Fig. 3. Dotted lines represent data referring to plants fed with com¬ 
plete solutions, which contained various amounts of potassium. Solid lines 
represent plants fed with complete solutions, containing various amounts 
of sodium in addition to the potassium. The three graphs represent average 
heights at time of harvest, and average dry weights of the tops and 
roots, respectively, of groups of four seedlings. 
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grown in the absence of potassium, a relatively high concentration of 
magnesium as compared with calcium produced results not different 
from a high concentration of calcium and a low concentration of mag¬ 
nesium. 

Results of the experiment on the interrelation of potassium and 
sodium are shown in the accompanying graphs, in which are recorded 
the average dry weights of tops and roots and the average heights 
of the plants in each treatment. 

Sodium can greatly retard and modify the appearance of potassium 
deficiency symptoms. Plants given sodium only and no potassium were 
less poor than plants given neither sodium nor potassium; they had 
larger leaves and were enabled to make some growth and to persist 
for some length of time. Plants given neither sodium nor potassium 
were severely stunted and their leaves were smaller and deformed. 
This superiority of the plants given sodium in addition to potassium 
was particularly manifested in dry weights of the plants up to the level 
of about 100 p.p.m. However, in outward appearance one could hardly 
detect differences between them after the level of 40 p.p.m. of potassium. 
The most dry weight was synthesized by plants which had 180 p.p.m. 
of potassium plus 90 p.p.m. of sodium. Plants given sodium in addition 
to potassium were taller and more vigorous. Plants given sodium when 
potassium was present in small amounts (5-25 p.p.m.) had thicker stems 
and larger leaves than plants given potassium only. 

Conclusion 

1. When plants were given a high phosphate concentration in the 
total absence of nitrates, or with the nitrates very low in amount, they 
became severely stunted as a result of phosphorus toxicity. 

2. When plants were grown in the absence of potassium, a rela¬ 
tively high concentration of magnesium as compared with calcium pro¬ 
duced results not different from a high concentration of calcium and 
a low concentration of magnesium. 

3. Phosphorus deficiency became apparent very early in the growth 
responses of the seedlings, in fact, sometimes appearing faster than 
nitrogen deficiency symptoms. 

4. The usual potassium deficiency symptoms appeared faster and 
seemed more severe in those plants given neither potassium nor sodium 
than in those plants that had a sodium salt substituted for a potassium 
salt. 

5. It was found that sodium can greatly retard and modify the 
appearance of potassium deficiency symptoms. Plants given sodium 
but no potassium had larger leaves than those given neither sodium 
nor potassium. Plants given sodium when potassium was present in 
small amounts (5-25 p.p.m.) had thicker stems and larger leaves than 
plants given potassium only. The presence of sodium in addition to 
even as much as 100 p.p.m. of potassium was definitely stimulating to 
the plant in that more organic matter was synthesized as shown by the 
dry weights; however, in outward appearance one could hardly detect 
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differences in those plants receiving the sodium in addition to the potas¬ 
sium above the level of 40 p.p.m. of potassium. 
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Additions to the Hepaticae of Indiana I 

Dorothy Parker, Saint Mary’s College, Notre Dame 

The following list has been compiled as a result of the identification 
of several collections of Indiana Hepaticae. The author wishes to thank 
Dr. Winona Welch of DePauw University for the collection of specimens 
which she sent for determination (153 specimens), Mr. Donald Richards 
of the University of Chicago (18 specimens) and Dr. Francis Drouet 
of the Field Museum, who kindly made available the Indiana collection 
of the museum (62 specimens). The author is indebted to Dr. Mar¬ 
garet Fulford who checked the identification of some doubtful forms. 

The species list is arranged in the following manner: the species 
name is followed by the county in which it was collected, the county 
name is followed by a symbol which indicates the Herbarium in which 
the specimen* is deposited and the number following the symbol indicates 
the collector’s number of the packet or the specimen number, in the case 
of the Field Museum specimens. These are the symbols used: W—Her¬ 
barium of Winona H. Welch, R—the Herbarium of Donald Richards, 
F—the Hepatic Herbarium of Field Museum, P—the Herbarium of 
the writer. 

Only the specimens that constitute new state and county records 
are included in this list. Species that are marked with an asterisk (*) 
are the new state records. 

Ptilidimn pulcherrimum (Web) Hampe. Porter Co., (F) 1000211, 
1000215, 1000216, 1000218. 

*Blepharostoma trichophyllum (L) Dum. Parke Co., (W) 5835. 

Trichocolea tomentella (Ehrh) Dum. Parke Co., (W) 6316; Porter 
Co., (F) 908204. 

Bazzania trilobata (L) S. F. Gray. Parke Co., (W) 6278. 

Calypogeia Trichomanis (L) Corda. Fountain Co-, (W) 6342, 6343, 
6344; Lake Co., (F) 1065467; Laporte Co., (P) 363; Parke Co., (W) 
6291; Perry Co., (W) 6350, 6353, 6356. 

Cephalozia connivens (Dicks) Lindb. Laporte Co., (P) 340. 

* Cephalozia media Lindb. Laporte Co,, (P) 363, 364; Parke Co., 
6284, 6291, 6292; Perry Co., (W) 6350. 

Nowellia curvifolia (Dicks) Mitt. Parke Co., '(R) 230, 233, and 
(W) 6274, 6277. 

Lopkocolea bidentata (L) Dum. Elkhart Co., (P) 339; Laporte Co., 
(P) 335, 341, 361; Parke Co., (W) 6269; Perry Co., (W) 6357; St. 
Joseph Co., (P) 250. 

Lophocoleu heterophylla (Schrad) Dum. Jennings Co., (W) 6331; 
Kosciusko Co., (W) 5871; Laporte Co., (P) 333; Martin Co., (W) 
6324, 6325, 6326; Owen Co., (W) 6328; Parke Co., (W) 5836, 5868, 5869, 
6274, 6289, 6294, 6307, 6314; Perry Co., (W) 6351, 6355, 6358; Pike 
Co., (W) 6365; Porter Co., (F) 1000216, 1000221, 1000222, 1000223. 
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Lophocolea minor Nees. Lake Co., (F) 463754, 463770; St. Joseph 
Co., (P) 249. 

Chiloscyphus pallescens (Ehrh) Dum. Parke Co., (W) 6713; St. 
Joseph Co., (P) 247. 

Geocalyx graveolens (Schrad) Nees. Carroll Co., (W) 5844, 5845; 
Madison Co., (W) 5830, 5831; Parke Co., (R) 220, 228, 231 and (W) 
5834, 6270, 6275, 6317, 6321 and (F) 1040197, 1040198. 

Jungermannia lanceolata Schrad. Lake Co., (F) 143852. 

Jamesoniella autumnalis (DC) Steph. Lake Co.., (F) 463760. 

Plectocolea hyalina (Lyell) Mitt. Parke Co., (W) 6284 and (R) 
225, 229 and (F) 1040195, 1040199. 

Plectocolea crenuliformis (Aust) Mitt. Parke Co., (W) 6272, 6280, 
6290, 6311, 6321. 

*Plectocolea fossombronioides (Aust) Mitt. Parke Co., (F) 1040196 
and (R) 224, 231. 

Plagiochila asplenioides (L) Dum. Fountain Co., (W) 6340; Lake 
Co., (F) 463759; Martin Co., (W) 6324; Parke Co., (R) 228 and (W) 
6297, 6305, 6322 and (F) 1040197. 

Diplophyllum apiculatum (Evans) Steph. Fountain Ca, (W) 6341, 
6346; Parke Co., (R) 217 and (W) 6279 and (F) 1040194. 

Scapania nemorosa (L) Dum. Parke Co., (R) 220, 221, 224 and 
(W) 6283, 6284, 6300, 6301, 6315, 6319, 6320 and (F) 1040196, 1040198, 
1040201; Perry Co., (W) 6352. 

Porella platyphylloidea (Schwein) Lindb. Carroll Co., (W) 5841, 
5843, 5846, 5850; Delaware Co., (W) 5826, 5828; Lawrence Co., (W). 
packet number 6793; Henry Co., (W) 6338; Jefferson Co., (W) 6336; 
Madison Co., (W) 5832; Parke Co., (W) 6287, 6310; Spencer Co., (W) 
6363; Pike Co., (W) 6364; Porter Co.., (F) 1000214; St. Joseph Co., 
(P) 251. 

Porella platyphylla (L) Lindb. Laporte Co., (P) 334; Parke Co., 
(W) 6298; Porter Co., (F) 463707, 1000217. 

Radula complanata (L) Dum. Jennings Co., (W) 6329; Parke Co., 
(W) 6295, 6298. 

*Frullania inflata Gottsche. Henry Co., (W) 6339; Parke Co., (W) 
6308; Perry Co., (W) 6357, 6354; Warren Co., (W) 6347. 

Frullania eboracemis Gottsche. Carroll Co., (W) 5841, 5843; Dela¬ 
ware Co., (W) 5827, 5867, 5837; Harrison Co., (W) 6332; Lake Co., 
(F) 463709; Laporte Co., (P) 332; Parke Co., (R) 226 and (W) '6286 
and (F) 1040193; Spencer Co., (W) 6360, 6362. 

*Leucolejeunea clypeata (Schwein) Evans. Parke Co., (R) 232 and 
(W) 6285. 

Cololejeunea Biddlecomiae (Aust) Evans. Jennings Co., (W) 6330. 

Pellia epiphylla (L) Corda. Delaware Co., (W) 5838. 

*Pellia Fabroniana Raddi. Elkhart Co., (P) 338; Lake Co., (F) 
463758. 

*Pallavicinia Lyellii (Hook) S. F. Gray. Parke Co., (R) 227 and 
(F) 1040200. 

*Metzgeria conjugata Lindb. Parke Co., (R) 218 and (W) 6288, 
6293, 6296, 6303, 6304, 6305, 6307, and (F) 1040192. 
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Marchantici polyvnorpha L. Delaware Co., (W) 5870; Jefferson Co., 
(W) 6334; Parke Co., (W) 6281, 6312; Porter Co., (F) 1044300. 

Conocephalum conicum (L) Dum. Carroll Co., (W) 5847; Foun¬ 
tain Co., (W) 6344, 6345; Lake Co., (F) 463863; Laporte Co., (P) 
342; Madison Co., (W) 5829; St. Joseph Co., (P) 248; Sullivan Co., 
(W) 6349. 

RebouLia hemisphaerica (L) Raddi. Parke Co., (W) 6276, 6282, 
6309. 

Asterella tmella (L) Beauv. Jennings Co., (W) 6337; Martin Co., 
(W) 6323, 6324; Parke Co., (W) 6318; Sullivan Co., (W) 6348. 

Riccioccurpus ncdans (L) Corda. Lake Co., (F) 223482, 463826; 
Laporte Co., (F) 960587; Porter Co., (F) 908236. 

Riccia fluitans L. Laporte Co., (P) 343; Putnam Co., (F) 1062369. 

Riccia arvensis Aust. Delaware Co., (W) 5833. 



Studies in Indiana Bryophytes IV 

Winona H. Welch, DePauw University 

The mosses used in this study are Indiana collections in herbaria 
in the following institutions: Indiana University, Butler University, 
DePauw University, University of Illinois, and Earlham College; and 
the personal herbaria of Charles C. Deam, J. P. Naylor, and the author. 
The collections presented to the author by Charles C. Deam, Ralph M. 
Kriebel, William D. Gray, Earl L. Harger, Jr., and Frederick H. Test 
have contributed to the range of distribution. 

The nomenclature is that of A. J. Grout, The Moss Flora of North 
America North of Mexico 2: 1-65 (1933) and 106-145 (1935). 

Although the families, Grimmiaceae and Orthotrichaceae, do not 
succeed each other in the manuals on mosses, I am considering them in 
the same paper because the plants are so similar in appearance that 
the student of bryophytes frequently finds it necessary to compare 
various species in these two families to make a correct determination. 

The distribution of each species is based largely upon Indiana speci¬ 
mens examined by the author and is shown by the list of counties in 
which collected. The asterisk preceding the name of a county indicates 
that the species has been reported from that locality according to pub¬ 
lished records but not studied by the author. 

The asterisk following the name of a species or a variety is an 
indication that, according to available literature, this is the first pub¬ 
lished record for Indiana. 

I am indebted to Dr. Henry &. Conard and to Dr. George Neville 
Jones for assistance in determining some of the collections of Grimmia. 

The author’s collections of bryophytes from May, 1937, to August, 
1939, were made with the financial assistance of an Indiana Academy 
of Science research grant through the American Association for the Ad¬ 
vancement of Science, and those since June, 1940, by the aid of a research 
grant from the Graduate Council of DePauw University. I wish this 
acknowledgment to express my sincere appreciation of this assistance. 

Key 

Plants commonly growing upon rocks, blackish-green when dry, almost 
black below; young tips of stems and branches chlorophyll green; 
leaves frequently with a hyaline tip which consists of the leaf apex; 
capsule smooth (in Indiana species); peristome single, teeth 16, 
erect or spreading, or none- -Grimmiaceae 
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Plants co mm only growing upon trees, blackish or brownish green below; 
calyptra co mm only hairy; capsules usually with very distinct longi¬ 
tudinal ridges when dry and empty; peristome usually double, teeth 
16, commonly reflexed when dry, inner peristome of 16 cilia 
______ _ Orthotrichaxeae 


Grimmiaceae 

1. Leaves ecostate, cells with bifurcate papillae, apices large and 

hyaline_ Hedwigia ciliata 

Leaves costate_ 2 

2. Plants in hoary tufts; blades of upper leaves 1.0-1.5 mm. long; 
hyaline hair point nearly as long as or longer than the blade and 
decurrent on the leaf apex; walls of upper basal leaf cells not 

sinuose; seta erect; capsule emergent- Grimmia laevigata 

Plants in dark or olive green tufts; blades of upper leaves longer; 
hyaline hair point not decurrent- 3 

3. Blades of upper leaves 1.5-2.0 mm. long; margins narrowly recurved; 
apices ± obtuse; hyaline hair points usually short (about 0.5 mm.), 

occasionally longer, frequently absent; capsule immersed_ 

____ Grimmia apocarpa 

Blades of upper leaves 2-3 mm. long, ± canaliculate; hyaline hair 
points usually longer _ 4 

4. Leaves lanceolate or narrowly ovate-lanceolate, ± canaliculate, 
acuminate; hair points about one-fourth the length of the blade; 
margins strongly recurved in lower half; upper basal leaf cells 

with thick, sinuose walls; seta erect; capsule immersed_ 

- Grimmia pilifera 

Leaves linear lanceolate from ovate base, canaliculate-concave; hair 
points longer; margins plane; upper basal leaf cells usually thin- 

walled and not sinuose; seta curved; capsule exserted_ 

- Grimmia 0 Ineyi 


Orthotriehaceae 

1. Plants with primary stems closely applied to bark, up to 10 cm. 
or more in length, crowded with short, densely foliated branches; 

capsule on long seta; peristome scarcely apparent_ 

- Drummondia prorepens 

Plants erect in rounded tufts and not as above_ 2 

2. Growing on limestone; upper leaves slenderly acute, margins revo¬ 
lute; lower leaves narrowly obtuse, margins ± plane, frequently 
bistratose above; capsule immersed to emergent, 8-ribbed, stomata 

immersed; peristome teeth erect to spreading when dry_ 

- Orthotrichum strangulatum 

3 


Growing on trees 
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3. Leaves strongly crisped when dry; capsule exserted; peristome 

teeth reflexed when dry_ Ulota crispa 

Leaves not crisped when dry; capsule immersed to emergent_ 4 

4. Leaf margins usually plane and apices broadly obtuse; calyptra 

naked; stomata of urn superficial*_ Orthotrichum obtusifolium 

Leaf margins revolute; stomata of urn immersed*_ 5 

* Usually stomata are found here and there in the capsule, about the 
level of the base of the spore-sac. They may be superficial when the 
guard cells are entirely in view or immersed when the guard cells are ± hidden 
by overlapping superficial cells. The type of stomata is quickly determined 
by separating the urn of a mature capsule from the seta at the base of 
the neck, splitting it lengthwise, removing the spore sac and spores, and 
mounting it outer surface upwards. 

5. Leaves entire, apices subacute to obtuse; urn strongly 8-ribbed and 
strongly contracted beneath mouth when dry and empty, reddish 

brown - Orthotrichum stellatum 

Leaves (some at least) dentate with projecting cells_ 6 

6. Leaf apices usually acute, some with an apiculus of a single pro¬ 
jecting cell; calyptra usually with a few short hairs near apex; 

urn distinctly 8-ribbed when dry_ Orthotrichum pumilum 

Leaf apices obtuse, some sharply denticulate at apex with several 
projecting cells; calyptra naked; urn usually not ribbed or only 
faintly so when dry_ Orthotrichum pusillum 


Grimmiacoeae 

Grimmia 

G. apocarpa [LJ Hedw. (Figs. 1-3.) Plants variable, usually in 
small, loose, dark or olive green tufts; stems 1.5-2.5 cm. high; leaves 
imbricate, 1.5-2.0 mm. long, ovate-lanceolate, margins narrowly recurved, 
apices ± obtuse; hyaline hair points slightly spinulose, usually short, 
up to 0.5 mm. or more in length, occasionally reaching *4 length of 
leaf, frequently absent; costa distinct, not papillose on back; leaf cells 
with thick, slightly sinuose walls, upper ones roundish quadrate, 9-10/* 
in diameter; seta erect; capsule immersed, ovoid-ellipsoid, dark reddish 
brown, about 1 mm. long, wide mouthed when empty; peristome teeth 
reddish, papillose, refiexed-revolute when dry and mature; spores red¬ 
dish, smooth, 8-12 p in diameter, mature spring to summer. On rocks, 
frequently limestone; Cass, Crawford, Delaware, Fountain, Harrison, 
Henry, Jasper, Jefferson, Jennings, Lawrence, Martin, Monroe, Owen, 
Perry, Putnam, and Warren Counties. 

G. laevigata (Brid.) Brid.* (G. leucophaea Grev.) (Figs. 4-5.) 
Plants in loose, flat, fragile, hoary tufts; stems erect, up to 1 cm. high; 
leaves closely appressed when dry, lower leaves small and muticous, 
upper leaves gradually larger, ovate-lanceolate, concave, 1.0-1.5 mm. 
long, hyaline hair point as long as or longer than the rest of the leaf, 
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All figures (with the exception of 26, 30, and 31) are taken with permission 
from A. J. Grout, Mosses with Hand-lens and Microscope (M;H.M.). Figs, 26, 
30, and 31 are copied from Grout, Moss Flora of North America North of 
Mexico (M.F.). (The figures in parentheses refer to these books.) Grimmia 
apocarpa (M.H.M., pi. IS). Fig. 1. Gametophyte and sporophytes, enlarged. 
Fig. 2. Apex of upper leaf, enlarged. Fig. 3. Mature urn and periostome, en¬ 
larged. Grimmia laevigata (M.H.M., fig. 57). Fig. 4. Leaf, enlarged. Fig. 5. 
Apex of leaf, enlarged. 
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usually strongly spinulose, flattened at the base and decurrent on the 
leaf apex; costa weak, flat; upper leaf cells thick-walled, roundish- 
quadrate, 6-9/u in diameter, basal cells quadrate, walls thin and not 
sinuose; perichaetial leaves larger, with longer hair points; seta erect; 
capsule emergent, ovoid or ellipsoid, reddish brown, narrow at the 
mouth; peristome teeth reddish, papillose; spores yellow, smooth, 12-16/u 
in diameter, mature in spring. On dry rocks, usually non-calcareous; 
Parke and Warren Counties. 

G. Olneyi Sull.* (Figs. 6-7.) Plants in dark green tufts, blackish 
below; stems about 2 cm. high; leaves linear-lanceolate from an ovate 
base, 2-3 mm. long, canaliculate-concave, the upper ending in a long, 
spinulose, hyaline hair point; margins plane; upper and median leaf cells 
densely opaque, 6-9 p in diameter, walls not sinuose; basal cells usually 
thin-walled and not sinuose; costa obscure in upper part of leaf; seta 
curved, longer than the capsule; capsules exserted, ellipsoid or ovoid, 
yellowish green; spores mature in early spring. On non-calcareous rocks; 
Perry and Warren Counties. 

G. pilifera Beauv. (G. pensilvanica Schwaegr.) (Figs. 8-10.) Plants 
in dense, coarse, dark green tufts; stems 1-3 cm. high; leaves loosely 
imbricate when dry, lower leaves small, muticous, upper leaves 2-3 mm. 
long, lanceolate or narrowly ovate-lanceolate, ± canaliculate, acuminate, 
with short spinulose hair points, about one-fourth the length of the 
blade; costa strong, percurrent; margins strongly recurved in lower 
half of leaf, thickened in upper half; median and upper leaf cells 
opaque, with thick, sinuose walls, roundish or hexagonal, 6-9/t in diame¬ 
ter, upper basal leaf cells with thick, sinuose walls; perichaetial leaves 
longer, with longer hair points; seta erect; capsule immersed, ellipsoid; 
peristome teeth 2-3 cleft; spores mature in autumn or winter. On 
dry rocks; Parke and *Wayne Counties. 

Grimmia conferta Funck, now G. apocarpa [L.] Hedw., var. conferta 
(Funck) Spreng., is included in the list of mosses which Mrs. Mary 
P. Haines collected in Wayne county, Indiana, published in Annual 
Report of Geological Survey of Indiana, pp. 235-239, in 1879. In a list 
of the Indiana Mosses, collected by Mrs. Haines, prepared for me by 
Dr. Seville Flowers, who is in possession of the Haines Herbarium and 
who has carefully checked the plants, the,only Grimmia included is 
G. pensilvanica Schwaegr., now G. pilifera Beauv. 

Hedwigia 

H. ciliata [Ehrh.] Hedw. (H. albicans (Web.) Lindb.) (Figs. 
11-13.) Plants in loose, grayish green patches; stems spreading, irregu¬ 
larly branched, 2-10 cm. long; leaves imbricate, ecostate, ovate, papillose, 

1.5-3.0 mm. long, apex hyaline, papillose-denticulate to ciliate, mar¬ 
gins revolute; perichaetial leaves ciliate at apex; capsule immersed, 
concealed by perichaetial leaves, erect, ovoid to globose, wide-mouthed 
when empty; peristome none; spores yellowish, 25-32^ in diameter, 
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Grimmia Olneyi (M.H.M., pi. 19). Fig. 6. Apex of leaf, enlarged. Fig. 7. 
Sporophyte, enlarged. Grimmia pilifei'a (M.H.M., pi. 20). Fig. 8, Leaf, en¬ 
larged. Fig. 9. Apex of leaf, enlarged. Fig. 10. Upper basal leaf cells, en¬ 
larged, showing thick, sinuose walls. Hedwigia ciliata (M.H.M., figs. 50 and 
51). Fig. 11. Apex of leaf, enlarged. Fig. 12. Apex of perichaetial leaf, 
enlarged. Fig. 13. Urn and several perichaetial leaves, x 10. 
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mature in spring. On rock, rarely limestone; Carroll, Cass, Delaware, 
Dubois, Fountain, Grant, Henry, Jasper, Jefferson, Laporte, Madison, 
Marion, Martin, Monroe, Montgomery, Noble, Parke, Perry, Putnam, 
Steuben, Warren, and Wayne Counties. 

Orthotrichaceae 

Drummondia 

D. prorepens (Hedw.) Jennings. (Figs. 14-17.) Plants in thin, 
dark green mats; primary stems closely .applied to bark, apparent only 
upon removal from tree, up to 10 cm. or more in length, producing 
numerous, close, short (2-10 mm. in length), densely foliated branches; 
leaves closely appressed when dry, erect-spreading when moist, ovate- 
lanceolate, acute to narrowly obtuse, 1-2 mm. long; calyptra conic, cucul- 
late, without hairs; seta erect, 2-3 mm. long; capsule erect, ovoid- 
globose, 1.0-1.3 mm. long; operculum conic-rostrate with a long oblique 
beak; peristome short and truncate, scarcely apparent, teeth 16, smooth; 
spores 60-90/a in diameter, mature in spring. On bark of trees; Decatur, 
*Hamilton, Jefferson, Jennings, Monroe, Montgomery, Putnam, Tippe¬ 
canoe, and Wayne Counties. 


Orthotrichum 

O. obtusifolium [Schrad.] Brid.* (Figs. 18-20.) Plants in small, 
dense tufts, light green to yellow-green; stems about 1 cm. high; leaves 
closely imbricate when dry, up to 2.5 mm. long, ovate to oblong-lingulate, 
concave, margins plane, rarely slightly involute; apex commonly broadly 
obtuse, occasionally narrowly obtuse to subacute; costa ending below 
apex; median and upper leaf cells, papillose on both surfaces; upper 
cells rounded, about 12/a wide; calyptra naked; capsule immersed or 
emergent, ovoid to elongate-pyriform, with neck as long as spore case, 
8-ribbed and contracted beneath mouth when dry; stomata of urn 
superficial; peristome teeth 16, reddish, densely and finely papillose, 
reflexed when dry; spores finely roughened, mature in spring. On bark 
of deciduous trees; Cass, Dubois, Henry, Jefferson, Jennings, Monroe, 
Owen, and Putnam Counties. 

O. pumilum Dicks. (O. Schimperi Hamm.; O. iallax Schimp.) 
(Figs. 21-23.) Plants in dark green tufts; stems up to 1 cm. 
high; leaves oblong-lanceolate, about 2 mm. long, imbricate when dry; 
acute to narrowly obtuse, often apiculate with usually a single subhyaline 
cell at apex; margins revolute nearly to apex; upper leaf cells large, 
12-16/a in diameter, with thin walls, slightly collenchymatous, papillose; 
costa ending below apex; calyptra usually with a few short hairs near 
apex but occasionally naked; capsule usually light * colored, immersed 
or slightly emergent, up to 1.5 mm. long, oblong or oblong-ovoid, 8-ribbed 
and contracted beneath mouth when dry; stomata of urn immersed; 
peristome teeth 16, finely papillose, reflexed when dry; spores mature 
in spring. On trees; Cass, Delaware, Harrison, Jasper, Jefferson, Law- 
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Drummondia prorepens (M.H.M., fig:. S3). Fig. 14. Plants, x 1. Fig. 15. 
Gametophyte and sporophyte, x 10. Fig. 16. Mature capsule, x 10. Fig. 17. 
Cucullate calyptra, x 10. Orthotrichum ohtusifolium (M.H.M., fig. 91). Fig. IS. 
Leaf apex, enlarged. Fig. 19. Mature urn and peristome, enlarged. Fig. 20. 
Portion of peristome, enlarged, showing superficial stomatal apparatus. Ortho¬ 
trichum pumilum (M.H.M., fig. S9). Fig. 21. Leaf apex, enlarged, showing 
apiculus. Fig. 22. Mature urn and peristome, enlarged. Fig. 23. Immersed 
stomatal apparatus, enlarged, (from M.H.M., fig. S7). Orthotrichum pusillum 
(M.H.M., fig. 90). Fig. 24. Leaf apex, enlarged, showing denticulate apex and 
thick-walled median cells. Orthotrichum stellatum (M.H.M., fig. 88). Fig. 25. 
Mature urn and peristome, enlarged. 
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rence, Marion, *Monroe, Noble, Owen, Pulaski, Putnam, Scott, Steuben, 
Warren, Wayne, and Whitley Counties, 

O. pusillum Mitt.* (Fig. 24.) Plants blackish-green, small; sterns^ 
up to 5 mm. high; leaves obolong-lanceolate to oblong-lingulate, 1.5-2.5 
mm. long, narrowly to broadly obtuse, some or all denticulate at apex 
with several projecting cells; margins strongly revolute; upper leaf 
cells irregularly rounded, thick-walled, approximately 15/* in diameter, 
papillose; calyptra naked; capsule immersed or nearly so, subglobose to 
ovoid, almost sessile on a very short seta, urn usually not ribbed or 
only faintly so when very old and dry, whitish, about 1.6 mm. long; 
stomata immersed; peristome teeth 16, densely and coarsely papillose, 
reflexed when dry; spores about 15/* in diameter, mature in early 
spring. On trees; Harrison, Jasper, Jefferson, Posey, and Putnam 
Counties. 

O. stellatum Brid. (0. strangulatum Sull.; O. Braunii B. & S.) (Fig. 
25.) Plants in small, dense cushions; stems up to 1 cm. high; leaves 
appressed-imbricate when dry, lanceolate, approximately 2 mm. long; 
apices subacute to obtuse; margins revolute nearly to base and apex 
or only in the middle; costa ending just below apex; upper leaf cells 
irregular, isodiametric to slightly elongated, 10-13/* in diameter, papillose, 
thick-walled; basal cells quadrate to short-rectangular with ± rounded 
corners; calyptra naked and strongly plicate; capsule obovoid-pyriform, 
immersed to emergent, 1.0-1.5 mm. long, ±, abruptly contracted to short 
seta, strongly 8-ribbed and strongly contracted beneath mouth when 
dry and empty, dark colored, reddish brown; stomata immersed; peris¬ 
tome teeth 16, in pairs, reflexed when dry, pale yellow, finely papillose; 
spores 10-13/* in diameter, mature in late spring. On trees; Carroll, 
Jefferson, Monroe, Morgan, Putnam, Steuben, and Wayne Counties. 

O. strangulatum Schwaegr. (0. Porteri Aust.; 0. Peckii Aust.) 
(Fig. 26.) Plants in dense mats, blackish except young tips; stems up 
to 1 cm. in height; leaves closely imbricate when dry, ovate-lanceolate 
to oblong-lanceolate, 1.7-2.5 mm. long, upper leaves commonly slenderly 
acute with revolute margins, some of the lower leaves ± plane mar¬ 
gined and narrowly obtuse, frequently bistratose on margins above; 
upper leaf cells in a single layer, 10-15/* in diameter, thick-walled; 
costa strong, reaching nearly to apex, occasionally percurrent; calyptra 
hairy with papillose hairs; capsule typically subcylindric, immersed 
to emergent, about one-half emergent when dry, 8-ribbed, approximately 
1.5 mm. long, gradually tapering to seta; peristome usually simple, 
teeth 16, erect to spreading when dry, papillose; stomata immersed; 
spores mature in spring. On limestone; Cass, Jefferson, Jennings, 
Kosciusko, Lawrence, Monroe, Owen, Parke, and Putnam Counties. 

The collections determined as Orthotrichum anomalum Hedw. and 
Zygodon sp., in Glenn and Welch, Ecological relationships of the most 
common mosses in a certain vicinity near Bloomington, Indiana, (Proc. 
Ind. Acad. Sci. 40:87-101, 1931) consist of sterile plants. Since in the 
absence of the capsules it is difficult to make accurate determinations 
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in these genera and since no other reports or collections of these plants 
in the state are available, I am omitting them from this paper. 

In F. L. Pickett, Some mosses from Monroe County, Indiana, (The 
Bryologist 18:33-34, 1915) both Orthotrichum Lescuriz Aust. and 0. 
Porteri Aust. are reported for the same collection of plants. I 'con¬ 
sider the material to be 0. strangidatum Sehw. 

Ulota 

U. crispa (Hedw.) Brid.* (Figs. 27-29.) Plants in small, dense 
tufts, yellowish-green above, brown below; stems 5-10 mm. long; leaves 
strongly crisped when dry, 2-3 mm. long, acute to narrowly obtuse at 
apex, rather strongly papillose above; margins plane; calyptra hairy; 
seta 1-2 mm. long; capsule exserted, neck slender, longer than spore 
sac, urn striate, contracted under mouth when dry and empty, abruptly 
contracted to the shrunken, wrinkled neck, 8-ribbed; peristome teeth 16, 
finely papillose, reflexed when dry; spores finely papillose, up to 22^ 
in diameter, maturing late spring to early summer. On rough bark 
of deciduous trees; Jefferson County. 



Orthotrichum strangulatum (M.F. 2: pi. 53): Fig. 26. Mature urn and 
peristome, x 20. Ulota crispa (M.H.M., pi. 38). Fig. 27. Gametophyte and 
sporophyte, enlarged. Fig. 28. Upper portion of leaf, enlarged. Fig. 29, Mature 
urn and peristome, enlarged. Tortula pagorum <M.F. 1: pi. 114). Fig. 30. 
Outline of leaf apex, x 80. Fig. 31/ Propagula, x 60. 
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Note concerning Tortula pagorum (Milde) DeNot. 

In the Proceedings of the Indiana Academy of Science 50:63 (1941) 
was published the first known report of the genus and species of Tortula 
'mralis for the state, collected by the author in Porter county. During 
the examination of the Orthotrichum material for the present paper I 
found plants of Tortula pagorum in four collections which I had made 
in Hanover, Indiana, Jefferson County, in July, 1937. Three of these 
collections were taken in the lawn of the long-time home of the late 
Prof. A. H. Young and one from the Presbyterian Church lawn. This 
find is of interest not only because it is the first report for Indiana but 
also because the general range of this species in North America is 
southern. 

Tortula pagorum (Milde) DeNot.* (Figs. 30-31.) Plants densely 
caespitose in mats or cushions, very fragile, dark green when dry; 
stems usually up to 5 mm. high, sometimes up to 10 mm.; leaves mostly 
in a terminal rosette, often slightly twisted when dry, erect-spreading 
when moist, obovate, concave above, 2.0-2.5 mm. long (blade and awn), 
apex rounded or truncate; leaf margin plane, rarely involute, strongly 
papillose-crenulate; costa smooth on the back, excurrent as a smooth 
(occasionally slightly roughened) awn about 1 mm. long; upper leaf 
cells roundish-quadrate to hexagonal, papillose with numerous crescent¬ 
shaped or circular papillae; leaf-like propagula occur at apex of stem 
and in axils of upper leaves. On trunks of living trees, rarely on rocks; 
Jefferson County. 

Growing on trees; plants up to 10 mm. high; leaves 2.0-2.5 mm, long 
including awn; costa smooth on back; awn ± smooth, 1 mm. long 
_ Tortula pagorum 

Growing on rocks or soil; plants 2-8 cm. high; leaves 3-7 mm. long 
including awn; costa densely spinose-papillose on back; awn serrate, 
1-3 mm. long_ Tortula ruralis 

Note concerning Fissidens closteri Austin* 

Fissidens closteri Austin was collected in fruit by Mrs, Betty Wilson 
Higinbotham in Floyd County, Indiana, five miles from New Albany, 
It was growing on stone on the side of a very steep ravine in an oak 
and pine woods. Mrs. Higinbotham referred the material to Dr. A. J. 
Grout for determination. Dr. Grout commented that this is the first 
report west of the Hudson Valley and the third known locality for 
F. closteri . {Mrs. Higinbotham kindly sent me this information in a 
letter, January 16, 1941.) 

Fissidens closteri is distinguished from other species of terrestrial, 
Indiana Fissidens by plants minute, up to 0.5 mm. high, and almost 
stemless; leaves 2-3 pfirs, the lower leaves ovate, the upper lanceolate 
from an ovate *base, 0.4-0.6 mm. long, and none bordered with a band 
of narrow, elongated, colorless cells. In crevices of decomposing rocks; 
Floyd County. 





A Note on the Precocious Germination of Dodder Seed 

T. G-. Yuncker, DePauw University 

The germination of seeds while still within the fruiting structure 
is of common occurrence in citrus, cucurbitaceous, and various other 
fruits. Obviously such precociousness on the part of seeds demands 
proper conditions for germination and at the same time an indifference 
to the after-ripening or maturing period required by the seeds of many 
species of plants before germinating. 

Dodder seed can usually be germinated as soon as it is mature 
although under ordinary natural conditions the seed produced in the 
summer or autumn remains ungerminated until the following spring, 
or later. Recently, however, a specimen of Cuscuta nevadensis Johnst. 



Cuscuta nevadensis Johnst. 1, flower with projecting stem of seedling, about 
xlO; 2, capsule with projecting stem of seedling; 3, slender embryo characteristic 
of most species of Cuscuta; 4, embryo of C. nevadensis showing enlarged end; 
5, seedling with the bulbous end much withered. 

collected on Atriplex at Indian Springs, Clark County, Nevada by I. W. 
Clokey, has been examined in which the seeds had germinated while 
still within the capsule. The condition of the flowers indicated, further¬ 
more, that the germination had occurred immediately upon the maturing 
of the seed inasmuch as the other floral structures were scarcely 
withered. This species ordinarily produces only one large, subconical or 
ovoid seed in each capsule. 

The embryo which is characteristic of most species of Cuscuta is 
slender and tapers from one end which is slightly # thicker than the other. 
It lies coiled within the seed, surrounded with endosperm. Three 
species native to western United States (C. denticulata , C. Veitchii and 
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C. nevadensis), however, produce embryos with one end abruptly en¬ 
larged and ball-like, bearing a comparatively short, tail-like extension. 
The embryo fills the seed coats with the endosperm lacking or reduced 
to a thin outer layer,. 

In the specimen studied the slender stem of the embryo had emerged 
in germinating through the enlarged intrastylar aperture and projected 
to a distance two or three times the length of the flower. The enlarged 
portion of the embryo remained in the seed and withered as the con¬ 
tents were reduced through the processes of growth. The young stem 
showed growth curvatures and it is likely that attachment to a host 
could have been accomplished. It was impossible to determine whether 
the germination had occurred on the host, previous to the taking of 
the specimen, or during the drying procedure. 

This is the first example of such early seed germination that the 
writer ,has observed in the examination of thousands of specimens of 
Cuscuta including all of the known species. Whether this is common 
with C. nevadensis or not has not been determined, since nearly all the 
specimens of this species which have been examined have had imma¬ 
ture seeds, and the specimen under discussion is one of a very few 
which have had seeds sufficiently ripened to germinate. The germina¬ 
tion of dodder seeds while remaining in the capsules upon the host 
plant might have some significance in the distribution and spread of 
the parasite, especially advantageous in the case of some of the aboreal 
species which grow luxuriantly in the tops of trees. 



A New Station for Orobanche Ludoviciana 

A. T. Guard and W. H. Silver, Purdue University 

The dried remains of an Angiosperm, parasitic on the roots of the 
giant ragweed, Ambrosia trifida L. were found in a held bordering 
the Wabash River about one-half mile south of West Lafayette in 
late November, 1939. Specimens of the parasites were collected and 
identified as Orobanche ludoviciana Nutt. The ragweed was growing 
in sand which had been washed over the field during a flood. The sand 
supported a very luxuriant growth of ragweed and, indirectly, of the 
Orobanche* 

Interest was aroused in the various problems concerning the para¬ 
sitism of one flowering plant upon another. Several attempts were 



made to culture the parasite on its host in the greenhouse. Seed of 
the parasite were mixed with the soil in which the ragweed seed were 
planted. The ragweeds grew, but no development of the Orobanche 
was observed. No attempts were made, however, to grow the Orobanche 
seed by use of aqueous extracts of the host roots. 

In tracing the host-parasite connections in the field it was found 
that the parasite often developed on roots five or six feet from t.he main 
axis of the host. In some instances several plants were found on one 
host. The host roots were never found to extend beyond the region 
of contact with the parasite (Fig. 1). 

The contact of one plant with its host plant was found to take 
place under about ten inches of sand and two inches of underlying 
clay. Evidently the seed from which this plant developed had lain 
dormant several years before the proximity of a host root had stimu¬ 
lated it to germinate. 
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In the spring of 1940 plants of 0. ludoviciana were observed growing 
in an area free of ragweeds. In this instance the host was found to 
be a species of Xanthium. At this same time the parasite was also 
found growing in association with plants of Asclepias and Chenopodium, 
but attempts to determine definitely the connections between the para¬ 
site and either of these plants were unsuccessful. 

During the following year a tobacco plant and a South American 
species of tomato, Lycopersicon peruvianum (L) Mill., growing in the 
greenhouse were parasitized by the Orobanche- Both of these plants 
were growing in the same soil which had been used for the ragweeds 
the previous year. The seed of the parasite thus evidently remained 
viable more than a year. 

Recently the parasite has been found growing on Ambrosia elatior L. 
in the field. This brings the host range of 0. ludoviciana to include 
Ambrosia trifida, Nicotiana tabacum , Lycopersicon pemvianum , Am¬ 
brosia elatior and Xantium sp. So far as the authors have been able 
to determine the last three of these have not been previously reported 
as hosts. 



Meeting of Plant Taxonomists 

The annual meeting of plant taxonomists was held in connection 
with the fall meeting of the Academy on Saturday forenoon, November 
1, with M. S. Markle as chairman. 

Ray C. Friesner, chairman of the committee which is accumulating 
data on plant distribution in the state, reported that more than 1,000 
new records had been established during the year. Several members 
of the group showed plant pictures which they had taken on the sum¬ 
mer field trip or at other times. Miscellaneous notes on new or unusual 
plants were also contributed by members. 

The more formal part of the program was a symposium on recent 
trends in plant taxonomy. The vascular plants were discussed by 
Theodor Just, the bryophytes by Winona Welch, the fungi by Geo. B. 
Cummins, and the algae by Mervin Palmer. 

T. G. Yuncker was elected chairman of the group for 1942. It 
was decided that, if satisfactory arrangements could be made, the 
summer meeting of 1942 should be held at Fountain Park, near Rem¬ 
ington. 

In view of the growing interest in taxonomy and the success of this 
informally organized section of the Academy, it was voted that steps 
be taken to have a brief history of its activities published in the Proceed¬ 
ings. To that end the following record has been prepared by Paul 
Weatherwax. 

For many years, a number of botanists who regularly attended 
the meetings of the Academy felt that the botanical programs were too 
long to permit leisurely discussion of taxonomic and floristie problems, 
but it was not until 1927 that steps were taken to segregate these 
topics for special consideration. On the last day of the meeting of the 
Academy at the University of Notre Dame in December of that year, 
a small group met, at the insistent urging of Charles C". Deam, and 
made plans for later meetings. It is interesting to recall now that, at 
that time, some feared that the general botanical program might suffer 
from the division of interest. 

During the next few years discussion of the project continued, but 
the first session announced in the program of the Academy was that 
at Butler University in 1931. At this and the next three meetings, 
held, respectively, at Notre Dame, Indiana University, and Butler 
University, there was no formal program, and the discussions frequently 
drifted into questions of nomenclature, orthography and pronunciation 
of technical names, etc., with Dr. J. A. Nieuwland as a leader. 

The first chairman (Paul Weatherwax) was elected in 1933 and 
served in 1934. Theodor Just served as chairman in 1935, *36, and *37. 
The first field meeting was held at Bass Lake, a few miles west of 
Angola, in July, 1934. The attendance was small (about 15 or 20). 
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There were no field meetings during the next three years, but informal 
sessions were held at the time of the Academy meetings. The Proceed¬ 
ings for 1936 included a short account of the one held at Danville. 

With the election of Ralph Kriebel as chairman for 1938, things 
really got under way, and a full program was carried out. The field 
meeting, planned by Ralph Kriebel and Charles C. Deam, was held 
September 2-5, in the region of Bass Lake (Starke Co.), the Jasper- 
Pulaski Game Reserve, and the prairies and Kankakee swamps north¬ 
west of Rensselaer. About twenty were present; three or four botanists 
from the University of Michigan came for a part of the meeting but 
failed to make contact with the Indiana group. On the first evening 
A. H. Meyer, of Valparaiso University, laid a good foundation for the 
field trips by discussing the physiography of the northwestern part of 
the state especially the Kankakee region. The subjects of discussion 
at the winter meeting, held at Purdue University, was “The Concept of 
the Species.” Those presenting papers on this topic were: Theodor 
Just, Ray C. Friesner, Marion L. Lohman, and Alfred C. Kinsey. An 
account of this meeting is given in the Proceedings (48:xxviii. 1939). 

The summer field trip in 1939 (Sept. 2-4) was arranged by the 
chairman, Fred A. Loew, with the help of Charles C. Deam, Ralph 
Kriebel, and Scott McCoy. It included the region extending from Terre 
Haute to Vincennes, Mt. Carmel, Ill., New Harmony, Evansville, Mt. 
Vernon, and Chrisney. The program for the winter meeting, held at 
the State Teachers College, Terre Haute, included a symposium on the 
“The Limitations of the Distribution of the Indiana Flora.” Those 
presenting papers were: Ralph Kriebel, Winona Welch, Scott McCoy, 
Naomi Mullendore, and J. E. Potzger. For an account of this meeting 
see the Proceedings (49:xxiii. 1940). 

The field trip of 1940 was held on the week-end of August 31 to 
September 2, in Harrison and Crawford Counties. Paul Weatherwax 
was chairman, and Ray C. Friesner made most of the arrangements. 
At the winter meeting, which was held at Ball State College, the main 
topic of discussion was a plan for adding to the records of distribution 
of vascular plants in the state, using as a basis Dr. DeanVs Flora of 
Indiana, which had just been published. A committee, with Ray C. 
Friesner as chairman, was instructed to compile for publication a list 
of new records which had accumulated since the appearance of the 
Flora; and there was a unanimous agreement that this activity should 
continue indefinitely. The list prepared by this committee was published 
in the Proceedings (50:72-78. 1941). 

Headquarters for the summer meeting of 1941 (Aug. 29 to Sept. 1) 
were at Quaker Haven, on Dewart Lake, in Kosciusko County. M. S. 
Markle, chairman, was in charge. Some time was spent about the lake, 
and two longer trips were made—one to the bogs and dunes near Angola 
and Lagrange, and one to the Jasper-Pulaski Game Preserve. About 
forty attended. 



Indiana Plant Distribution Records, II. 1941 

This is the second in the series of distribution records intended 
to keep Deam’s “Flora of Indiana” up to date. Genera are listed in the 
same order as that used in the “Flora” and species are given in alpha¬ 
betical order under their respective genera. Symbols following the 
species indicate herbaria where specimens are deposited, these being 
the same as those used in the “Flora” (pp. 11, 12). Species new for 
the state are listed in bold face type and these, together with new 
segregations or other taxonomic changes, are followed by literature 
references. Species concerning which there may be some doubt as to 
whether they will be able to establish themselves and become a part of 
the state flora are preceded with an asterisk. 

The specimens here listed have been collected by the following col¬ 
lectors:—Butler University (B): Charles M. Ek, Ray C. Friesner, 
Scott McCoy, John E. Potzger, and Arian Evans; Deam Herbarium (D): 
Charles C. Deam, Ralph Kriebel, and R. M. Tryon, Jr.; DePauw Uni¬ 
versity (DP): Winona Welch and Charles C. Deam; Huntington Col¬ 
lege (Hu): Fred A. Loew; Indiana University (IU): Helen Marsh; 
Purdue University (P): A. T. Guard; Tryon Private Herbarium (T): 
R. M. Tryon, Jr.; Wabash College (W): Leslie Lee. 

The committee maintains a card file showing published distribution 
of each species within the state. Botanical workers needing such in¬ 
formation may obtain distribution maps of any species recorded in the 
“Flora” or subsequently added in these reports by requesting same from 
the secretary of this committee. 

SPECIES 

Ophioglosswm vulgatum, St. Joseph (T). 0. v. f. pseudopodum. 
Porter (T). Botrychium dissectum, Howard (B). B. d. var. obliquum , 
Parke (W), Montgomery (W), Owen (T), Warrick (T), Harrison (T). 
B. d. f. elongatum (Gilbert and Haberer) Weatherby, Porter (T), Wells 
(T). Amer. Fern Jour. 25:50. B. virginianam, Bartholomew (B). 
Osmunda regalis var. spectabili$ 7 Elkhart (B). Cystopteris fragilis, 
Vanderburgh (IU). C. /. var. mackayii Lawson, Parke (T). Rhodora 
37:375. Pteretis nodulosa, Montgomery (W), Fountain (W). Onoclea 
sensibilis, Fulton (B), Howard (B), Dubois (B). Dryopteris cristata, 
Whitley (B). D. cristata X spimdosa, Porter (T). D. hexagonoptera, 
Marion (B). D. spinulosa, Montgomery (W), Fountain (W). D. s. var. 
intermedia X marginalis Benedict, Parke (T). Bull. Torr. Bot. Cl. 36:48. 
Athyrium pycnocarpon , Tippecanoe (B). Camptosorus rhizophyllus, 
Huntington (Hu), Tippecanoe (P). Asplenium platyneuron , Fountain 
(W). Pellaea, glabella, Harrison (T). Pteridium aquilinum var. latius - 
culum (Desv.) Underw., Miami (B), Huntington (Hu). Rhodora 43:41. 
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Polypodium polypodioides var. michauxiana, Harrison (T). Equisetum 
fluviatile, Elkhart (B), Howard (B). Lycopodium inundatum , Fulton 
(D). L. lucidulum, Montgomery (W). Selaginella apoda, Kosciusko (B), 
Fulton (B). Juniperus virginiana var. crebra, Vanderburgh (IU). 
Typha angustifolia, Huntington (Hu). Sparganium chlorocarpum, Elk¬ 
hart (B). Potamogeton crispus, Howard (B). P . foliosus var. genuinus, 
Howard (B), Tipton (B). P . /. var. macellus, Howard (B). P . lucens, 
Cass (B). Naias guadalupensis, Kosciusko (D). Alisma subcordatum, 
Wabash (B), Pulaski (B), Boone (B). Sagittaria latifolia, Clinton (B). 
Bromus commutatus, Wabash (B), Pulaski (B). B. inermis, Wabash 
(B), Tipton (B). 5. kalmii, Elkhart (B). B. latiglumis, Boone (B). 
B . purgans, Madison (B), Starke (B). B. secalinus, Madison (B). B. 
tectorum, Grant (B). Festuca elatior, Wabash (B). F . obtusa, Vander¬ 
burgh (IU), Madison (B). F. octofiora, Harrison (B), Fulton (B). 
Glyceria septentrionalis, Vanderburgh (IU). Poa annua, Crawford (B), 
Miami (B). P. compressa, Vanderburgh (IU), Pulaski (B), Fulton (B). 
P. pratensis, Madison (B), Fulton (B). P. sylvestris, Vanderburgh 
(IU). Eragrostis capillaris, Perry (B), Warrick (B). E. cilianensis, 
Vanderburgh (IU), Wabash (B). E. Tiypnoides, DeKalb (D), Clinton 
(B). E. spectabilis, Harrison (B), Orange (B). Diarrhena americana , 
Carroll (B). Uniola latifolia , Putnam (DP). Dactylis glomerata, Fulton 
(B), Wabash (B), Grant (B), Madison (B). Phragmites communis, 
Huntington (Hu). Triodia flava, Brown (B), Grant (B), Kosciusko (D). 
Triplasis purpurea, Jasper (B), Starke (B). Agropyron smithii, Clinton 
(B), Wabash (B), Steuben (B), La Porte (B). Elymus villosus r Orange 
(B). E . v. f. arkansanus, Howard (B). E. virginicus var. glabriflorus, 
Tippecanoe (B). Hystrix patula, Vanderburgh (IU). Hordeum jubatum, 
Wabash (B). Sphenopholis intermedia, Madison (B). &. obtusata var. 
pubescens, Fulton (B). Danthonia spicata, Vanderburgh (IU). Agrostis 
elliotiana, Madison (B). A. hyemalis, Vanderburgh (IU), Tippecanoe 
(B), La Porte (B). A. perennans, Vanderburgh (IU). Alopecurus 
aequalis, Huntington (Hu), Grant (B). Phleum pratense, Vanderburgh 
(IU), Fulton (B), La Porte (B). Muhlenbergia mexicawa, Boone (B), 
Vanderburgh (IU). M. racemosa, Kosciusko (B). M. schreberi, Clinton 
(B), Tipton (B). M, sobolifera, Morgan (B). M. tenuiflora, Jackson 
(B), Marion (B). Sporobolis asper, Crawford (B), Clinton (B), Wabash 
(B), Whitley (B). S. vaginiflorus, Vanderburgh (IU). Oryzopsis 
pungens, La Porte (B). Stipa spartea, Tippecanoe (B), Noble (B). 
Aristida longespica , Fulton (B). Leptochloa filiformis, Vanderburgh 
(IU). Eleusine indica, Vanderburgh (IU), Orange (B). Leersia ory- 
zoides , Vanderburgh (IU). L. virginica, Vanderburgh (IU). Digitaria 
filiformis, Perry (B), Spencer (B). D. ischaemum, Vanderburgh (IU), 
Clinton (B), Howard (B). D. sanguinalis, Clinton (B). Leptoloma 
cognatum, Fulton (B). Paspalum circulare, Vanderburgh (IU). P. 
pubescens, Jackson (B), Scott (B), Vanderburgh (IU). Panicum addi- 
sanii, La Porte (B). P. agrostoides, Vanderburgh (IU), Dubois (B), 
Fulton (B). P. albermarlense , Kosciusko (B), Pulaski (B). P. boreale, 
Pulaski (D). Delete previous report in “Flora” for this species from 
Steuben. P. capillare , Orange (B), Harrison (B), Perry (B), Vander- 
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burgh (IU). P. clandestinum, Madison (B), Tipton (B), Tippecanoe 
(B). P. columbianum. La Porte (B). P. deamii, Porter (B). P. depau - 
peratum, Pulaski (B), La Porte (B). P. dichotomum , Fulton (B). P. 
flexile, Vanderburgh (IU), Fulton (B). P. gattingeri, Kosciusko (B), 
Warrick (B). P. hactckucae , Newton (B), Starke (D), Pulaski (B). 
P. implicatum, Miami (B), Wabash (B). P. latifolium, Fulton (B). P. 
leibergii, Starke (D). P. lineurifolium, La Porte (B). P. meridionals, 
Pulaski (D). P. microcarpon, Starke (D). P. philadelpkicum, 
Perry (B). P. scribnerianum, Wabash (B). P. Spretum, Steuben 
(D), (B). P. tsugetorum, Starke (B). P. tennesseense, 

Pulaski (B). P. virgatum, Miami (B). Echinochloa crus g Mi, 
Vanderburgh (IU), Clinton (B). Setaria italica , Vanderburgh 
(IU), Pulaski (B). S. lutescens, Clinton (B), Harrison (B), Perry (B), 
Vanderburgh (IU). S. viridis , Orange (B), Vanderburgh (IU). An - 
dropogon scoparius , Clinton (B). Sorghasti'um nutans, Kosciusko (B). 
Tripsacum dactyloides, Clinton (B). Hemicarpha micrantha, Clinton 
(B). Cyperus erythrorkizos, De Kalb (D). C. inflexus, Vanderburgh 
(IU), Clinton (B). C. esculentus, Clinton (B). C. rivularis, Clinton 
(B), Miami (B), Fulton (B). C. strigosus , Vanderburgh (IU). Scirpus 
atrovirens, Vanderburgh (IU). S. lineatus , Elkhart (B). S. validus, 
Clinton (B). Eleocharis obtnsa, Clinton (B), Wabash (B). Bulbostylis 
capUlaris var. crebra, Jasper (B). Rhynchospora capillacea , Fulton (B). 
R . glomerata var. minor f. discutiens, Jasper (D). Scleria pauciflora 
var. caroliniana y Steuben (D), (B). Car ex albursina, Grant (B). C. 
amphibola, Howard (B), Miami (B), C . atherodes, Cass (B). C. bebbii, 
Jasper (B). C. brevior, Tipton (B). C. communis , Miami (B). C. 
crinita, Grant (B), Tippecanoe (B). C. cristatella, Miami (B), Lagrange 
(B). C. crus-corvi , Vanderburgh (IU). C. davisii , Grant (B), Miami 
(B). C. frankii , Clinton (B). C.' granularis, Tipton (B). C. gravida, 
Tippecanoe (B). C. grisea , Wabash (B), Kosciusko (B). C. hirsutella, 
Miami (B), Grant (B). C. hirtifolia, Kosciusko (B). C. hyalmolepis, 
Howard (B), Steuben (B). C. jamesii , Kosciusko (B). C. lanuginosa, 
Wabash (B). C. laxiflora, Grant (B). C. lupuliformis, Lagrange (B). 
C. lupulina, Wabash (B). C. lurida, Howard (B). C. muhlenbergii , 
Wells (B). C. normalis , Tipton (B). C. Hparia var. lacustris. Grant 
(B). C. shortiana, Tipton (B). C. siccata, Cass (B). C . squarrosa, 
Cass (B), Grant (B). C. stipata, Tipton (B). C. tribuloides, Wabash 
(B). C. typhina, Grant (B). C. vulpinoidea, Grant (B). C. viridula f. 
intermedia, Whitley (B). Acorns calamus, Boone (B). Peltandra vir- 
ginica, Kosciusko (B). Arisaema atrorubens f. viride (Engler) Fern., 
Crawford (B), Owen (B). Rhodora 42:252. A. a. f. zebrina (Sims) 
Fern. Crawford (B). Rhodora 42:252. A. dracontium, Vanderburgh 
(IU). Commelina communis, Vanderburgh (IU). Tradescantia vir - 
giniana, Cass (B). Juncus dudleyi, Wabash (B). J. effusus var. solutus, 
Miami (B). J. macer, Vanderburgh (IU). J. torreyi, Huntington (B). 
Hemerocallis fulva, Howard (B). Allium canadense, Grant (B), Wabash 
(B). A. sativum, Miami (B). A. vineale , Wabash (B), Vanderburgh 
(IU). Erythronium albidum, Huntington (Hu). Camassia scillioides , 
Huntington (Hu). Asparagus officinale, Howard (B), Polygonatum 
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canaliculatum, Wabash (B). Trillium gleasoni y Miami (B). Smilax 
ecirrhata, Howard (B), Tippecanoe (P). S. herbacea, Miami (B), 
Vanderburgh (IIJ). £. h . var. lasioneura, Miami (B), Clinton (B). S . 
rotundifolia, Vanderburgh (IU). Hymenocallis occidentaMs, Vander¬ 
burgh (IU). Dioscorea hirVicaulis, Miami (B). D. villosa, Wabash (B). 
Iris virginica var. shrevei, Wabash (B). Sisyrinckium albidum, Vander¬ 
burgh (IU). Habenaria lacera ., Fulton (B). Trip kora trianthophora, 
Franklin (D), Orange (D), (T). Populus deltoides, Vanderburgh (IU), 
Boone (B), Miami (B). P. grandidentata, Howard (B), Huntington 
(B). P. heterophylla, Vanderburgh (IU), Grant (B). P. tremuloides, 
Tippecanoe (P), Miami (B), Wabash (B). Salix alba, Howard (B), S . 
amygdaloides, Howard (B). S. Candida, Fulton (B). S. discolor , Clinton 
(B), Howard (B). S. d. var. latifolia, Grant (B). S . fragilis , Howard 
(B), Miami (B). S. nigra, Vanderburgh (IU), Carroll (B). S. petiolaris, 
Pulaski (B). S. sericea , Fulton (B). Juglans cinerea, Howard (B). 
J. nigra, Vanderburgh (IU), Grant (B), Miami (B). Cary a cordiformis, 
Vanderburgh (IU), Morgan (B), Tippecanoe (B), Huntington (B), 
Whitley (B). C. laciniosa , Howard (B). C. ovalis, Vanderburgh (IU), 
Howard (B). C. ovata, Vanderburgh (IU), Orange (B), Morgan (B), 
Whitley (B), Elkhart (B). C. pecan, Vanderburgh (IU). C. tomentosa, 
Crawford (B), Starke (D). Carpinus caroliniana var. virginiana r Boone 
(B). Ostrya virginiana, Boone (B), Huntington (B). O- v. f. glandulosa, 
Grant (B), Wabash (B), Miami (B). Fagus grandifolia, Vanderburgh 
(IU), Orange (B), Carroll (B), Howard (B), Miami (B). Castanea 
dentata, Orange (B). Quercus alba, Vanderburgh (IU), Orange (B), 
Huntington (B), Howard (B). Q. bicolor , Vanderburgh (IU), Howard 
(B), Grant (B), Whitley (B). Q. borealis var. maxima r Howard (B), 
Grant (B), Miami (B), Fulton (B), Whitley (D), (B), White (B). Q. 
ellipsoidalis, Wabash (DP), Kosciusko (DP). Q. falcata var. pagodae - 
folia, Vanderburgh (IU), Crawford (B). Q. imbricaria, Lagrange (B), 
(D). Q. leana, Perry (B), Cass (B). Q. lyrata, Vanderburgh (IU). 
Q. macrocarpa, Grant (B), Fulton (B), Lagrange (D), Howard (B). Q. 
muhlenbergii. Perry (B), Wabash (B). Q. palustris, Vanderburgh (IU), 
Crawford (B). Q. shumardii var. schneckii, Marion (B), Miami (B). 

Q. velutina, Vanderburgh (IU), Orange (B), Tipton (B), Miami (B). 
TJlmus fulva, ,Vanderburgh (IU). 17. racemosa , Howard (B), Miami 
(B). Celtis laevigata, Vanderburgh (IU). C. occidentals, Vanderburgh 
(IU). C. o. var. canina, Howard (B). C. o. var. crassifolia, Miami (B). 
Humulus americanus, Huntington (B). Morns rubra, Vanderburgh 
(IU), Grant (B), Huntington (B), Cass (B). *Papyrius papyrifera, 
Vanderburgh (IU). See Flora, p. 1041. Cannabis sativa r Miami (B), 
La Porte (B). Urtica procera, Vanderburgh (IU), Huntington (B), 
Clinton (B). Laportea canadensis, Miami (B). Pilea fontana, Howard 
(B), Miami (B), Noble (B). P. pumila, Whitley (B). Boehmeria 
cylindrica, Miami (B). Parietaria pennsylvanica. Grant (B), Whitley 
(B). Rumex acetosella, Vanderburgh (IU), Miami (B), Wabash (B). 

R. brittanica, Vanderburgh (IU). R. crispus, Vanderburgh (IU), Tippe¬ 
canoe (B), Grant (B). R. verticillatus, Grant (B). Polygonum avieulare 9 
Whitley (B), Vanderburgh (IU). P. buxiforme, Clinton (B), Miami 
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(B), Whitley (B), Steuben (B). P. coccineum, Morgan (B), Clinton 
(B). P. convolvulus, Vanderburgh (IU), Huntington (B). P. hydropiper 
var. projectum, Clinton (B), Pulaski (B), Wabash (B), Noble (B). 
P. hydropiperoides, Vanderburgh (IU), Miami (B), Pulton (B). P. 
lapathifolium, Vanderburgh (IU), Fulton (B). P. monspeliense , Tippe¬ 
canoe (B). P. natans f. genuinum, Pulaski (D). P. neglectum, Tipton 
(B), Tippecanoe (B). P. orientate, Vanderburgh (IU). P. pennsyl- 
vanicum var. genuinum, Vanderburgh (IU), Clinton (B). P. p, var. 
laevigatum, Vanderburgh (IU), Clinton (B), Carroll (B), Elkhart (B). 
P. persicaria , Vanderburgh (IU), Clinton (B). P. sagittatum, Elkhart 
(B), Miami (B). P, scandens, Clinton (B), Starke (B). P. virginianum, 
Miami (B), Whitley (B). Chenopodium album , Vanderburgh (IU), 
Clinton (B), Tipton (B), Howard (B), Whitley (B), Starke (B). C. 
ambrosioides, ssp. eu-ambrosioides, Vanderburgh (IU), Howard (B), 
Tippecanoe (B). C . a. eu-a. var. anthelminthicum, Howard (B). C. 
berlandieri, Howard (B). C. botrys, Miami (B), Starke (B). (7. gigantOr 
spermum, Tipton (B). C. standleyanum, Howard (B), Tipton (B). 
Kochia sieversiana (Pall.) C. A. Meyer. Starke (B), (D). Salsola 
pestifer, Miami (B). Amaranthus blitoides, Tipton (B), Whitley (B). 
A. graedzans, Clinton (B). A. hybridus, Miami (B). A. retroflexus, 
Vanderburgh (IU), Clinton (B). A. spinosus, Vanderburgh (IU). 
Acnida altissima, Vanderburgh (IU). Froelicha gracilis, Miami (B). 
Oxybaphus nyctagineus, Clinton (B), Miami (B), Wabash (B), Whitley 
(B), Starke (B), La Porte (B). Phytolacca americana, Whitley (B). 
Mollugo vertidllata, Vanderburgh (IU), Boone (B), Clinton (B). 
Stellaria longifolia, Wabash (B). >5. media, Vanderburgh (IU). Ceras- 
tium vulgatum var. hirsutum, Vanderburgh (IU), Wabash (B). 
C. v. h. f. glandulosum, Perry (B). Holosteum umbellatum L., Porter 
(D), (P). Gray Man. Ted. p. 384. Arenaria serpyUifolia, Wabash (B), 
Paronychia fastigiuta var. typica, Vanderburgh (IU). Agrostemma 
githago, Vanderburgh (IU). Silene antirrhina, Vanderburgh (IU), 
Perry (B), Miami (B), Wabash (B), Elkhart (B). S. a. var. divaricata, 
Pulton (B), Lagrange (B). S . dichotoma, La Porte (D). S. virginica , 
Miami (B). Ceratophyllum demersum, Howard (B),Cass (B). Anemone 
canadensis , Miami (B), Wabash (B). A. cylindrioa , Tippecanoe (B). 
A. virginiana. Pulton (B). Clematis vioma, Miami (B). C. virginiana, 
Boone (B), Clinton (B). Myosurus minimus , Carroll (P). Ranunculus 
abortivus, Vanderburgh (IU). R. acris, Howard (B). R. flahellaris, 
Vanderburgh (IU), Howard (B). R. hispidus, Miami (B). R. penn- 
sylvanicus , Elkhart (B). Thalictrum dasycarpum , Wabash (B). T. 
revolutum, Wabash (B). Menispermum canadense, Vanderburgh (IU), 
Howard (B), Wabash (B). IAriodendron tuMpifera , Miami (B), Fulton 
(B), Whitley (B). Sassafras albidum, Vanderburgh (IU), Brown (B), 
Elkhart (B). Lindera benzoin (Benzoin aestivale), Boone (B). See 
Rehder, Trees and Shrubs, 2ed. p. 259. Sangumaria canadensis, Vander¬ 
burgh (IU), Crawford (B). Stylophorum diphyllum, Perry (B). Cory - 
daZis fkmda, Vanderburgh (IU). Lepidium campestre, Grant (B).L. 
densiflorum, Wabash (B). L. virginicum, Miami (B), Vanderburgh 
(IU). Lesquerella globosa (Desv.) Wats,, Posey (D). Gray Man. Ted. 
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p. 424. Thlaspi perfoliatum, Perry (B), Harrison (B). Sisymbrium 
altissimum, Miami (B), Wabash (B). S. officinale var. leiocarpum, Cass 
(B), Tippecanoe (B). S. thalianum, Vanderburgh (IU). *Erucastrum 
gallicum, Miami (B). See Flora, p. 1051. Brassica juncea, Miami (B). 
B. kaber var. pinnatifidus, Wabash (B). *B. napus, Vanderburgh (IU). 
See Flora, p. 1052. B. nigra , Clinton (B). Barbarea vulgaris, 

Vanderburgh (IU). Iodanthus pinnatifidus, Grant (B). Rorippa 
islandica var. microcarpa , (Regel) Fern., Perry (B). Rhodora 
42:271. Armoracia aquatica, Cass (B). Cardamine bulbosa , 
Vanderburgh (IU), Crawford (B). C. pennsylvanica, Vanderburgh 
(IU). Dentaria laciniata, Crawford (B). Capsella bursa-pastoris , Van¬ 
derburgh (IU). Camelina microcarpa, Vanderburgh (IU). Draba brachy- 
carpa , Harrison (B). D. verm, Brown (D), Carroll (P), Porter (D), 
(F). ArahS dentata , Vanderburgh (IU). A. pycnocarpa, Howard (B). 
Berteroa incana , Lagrange (B), Pulaski (B). Conringia orientalis, 
Wabash (B). PolanSia graveolens , White (B), Starke (B). Penthorum 
sedioides, Harrison (B), Clinton (B). Saxifraga virginiensis , Harrison 
(B). Parnassia glauca t Huntington (Hu), Miami (B). Liquidambar 
styraciflua , Vanderburgh (IU), Crawford (B). Hamamelis virginiana, 
Grant (B). Platanus occidentals, Vanderburgh (IU), Howard (B), 
Miami (B). Plnysocarpiis opulifolius, Howard (B). P. o. var. inter- 
medius , Lagrange (B). Aronia melanocarpa, Elkhart (B). E. prunifolia, 
Elkhart (B). Amelanchier canadensis. Perry (B). Crataegus crusgalli, 
Howard (B). C. grandis, Boone (B). C. mo£Ks, Boone (B). C. punctata, 
Boone (B). C. succulenta, Miami (B). C. viridis, Vanderburgh (IU). 
Rubus allegheniensis, Vanderburgh (IU), Huntington (B), Wabash (B), 
Miami (B), Cass (B). R . occidentals. Grant (B), Wabash (B). Poten- 
tilla monspeliensis , Vanderburgh (IU). P. palustris, Fulton (B). P. 
recta, Wabash (B), Tippecanoe (B). Geum aleppicum var. strictum, 
Elkhart (B). G. vernum, Vanderburgh (IU). Filipendula rubra, Hunt¬ 
ington (Hu). Agrimonia parviflora, Howard (B), Wabash (B). A. 
pubescens , Clinton (B), Howard (B)« Rosa Carolina, Wabash (B). 
R. rubiginosa, Wabash (B). R. suffulta, Miami (B). Prunus 
mahaleb , Harrison (B). P. scrotina, Vanderburgh (IU), Whitley 
(B). CercS canadensis , Miami (B). Cassia hebecarpa, Miami 
(B). C. marilandica, Vanderburgh (IU). Gleditsia triacanthos, Vander¬ 
burgh (IU), Howard (B), Miami (B), Clinton (B). Gymnocladus dioica, 
Vanderburgh (IU). Medicago lupulina, Clinton (B), Howard (B), Cass 
(B), Whitley (B). M. sativa, Vanderburgh (IU), Clinton (B), Tipton 
(B), Starke (B). Melilotus alba, Vanderburgh (IU), Clinton (B), 
Howard (B), Wabash (B). M. officinalS, Tippecanoe (B), Howard (B), 
Wabash (B). Trifolium pratense, Vanderburgh (IU), Clinton (B), 
Tipton (B), Grant (B). T. procumbens, Fulton (B). Amorpha fruticosa, 
Vanderburgh (IU). Psoralea onobrychis, Miami (B). Lespedeza capitata 
var. velutina, Elkhart (B), Starke (B). L. stipulacea, Vanderburgh 
(IU). L. violacea, Vanderburgh (IU), Miami (B), Elkhart (B), 
Lagrange (B). Desmodium bracteosum, Howard (B). D. b. var. longi- 
folium , Clinton (B). D . canadense, Huntington (B). D. canescens, 
Howard (B). D. dillenii, Huntington (B). D. illinoense, Elkhart (B), 
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D. marilandicram, Cass (B). D . paniculatum, Vanderburgh (IU). D . p . 
var. pubens , Brown (B). D. rotimdifolium, Fulton (B), Tippecanoe (B). 
D. viridiflorum, Brown (B). Vicict americana, Wabash (B). V. angus- 
tifolia var. segetalis, Vanderburgh (IU). Amphicarpa bracteata var. 
comosa , Clinton (B), Howard (B). Strophostyles helveola, Vanderburgh 
(IU). Geranium bicknellii, Fulton (B), St. Joseph (D), (ND). G . 
pusiUum, Elkhart (B). Oxalis europea , Boone (B). 0. e. var. bushii f. 
subglabrata , Clinton (B). O. e. f. cymosa , Howard (B). 0. stricta , 
Howard (B), Wabash (B), Miami (B), La Porte (B). Linum vir - 
ginianum , Lagrange (B). *Tribulus terrestris , Grant (B), Miami (B), 
Tipton (B). See Flora, p. 1069. Ptelea trifoliata, Howard (B). Acalypha 
ostryaefolia, Vanderburgh (IU). A. rhomboidea, Clinton (B). A. 
virginica , Vanderburgh (IU), Putnam (DP). Euphorbia corol- 
lata, Wabash (B). £7. cyparissias, Clinton (B). E . dentata , Tipton (B), 
Cass (B), Kosciusko (B), E. humistrata , Vanderburgh (IUK Warrick 
(D). E.maculata, Huntington (B). E. supina, Clinton (B), Huntington 
(B), Kosciusko (B), St. Joseph (MO). Callitriche austini , Vanderburgh 
(IU). Rhus glabra, Howard (B). X R . pulvinata, Whitley (B). Evony - 
mies atropurpureus , Grant (B). Acer negundo, Vanderburgh (IU), 
Wabash (B). A. nigrum f. pubescens , Howard (B), Grant (B). A. 
rubrum, Miami (B), Fulton (B), Vanderburgh (IU). A. saccharinum , 
Vanderburgh (IU). A saccharum , Vanderburgh (IU), Howard (B), 
Wabash (B)l Impatiens biflora , Whitley (B). Rhamnus lanceolata , 
Huntington (Hu). Ceanothus americanus , Elkhart (B). cinerea , 

Grant (B). V. labrusca , Howard (B). V. riparia, Vanderburgh (IU). 
V. vulpina , Miami (B). Ampelopsis cordata, Vanderburgh (IU). 
Abutilon theophrasti , Vanderburgh (IU), Clinton (B). Malva neglecta , 
Boone (B). Sida spinosa , Vanderburgh (IU), Clinton (B), Boone (B), 
Miami (B). Hibiscus militaris, Vanderburgh (IU). H. trionum, Boone 
(B). Hypericum boreale, Wabash (B). id. mutilum , Miami (B), Elkhart 
(B). H. perforatum , Tipton (B). H. tubulosum , Dubois (B). if. Virginia 
cum var. fraseri, Fulton (B). Helianthemum canadense, Cass (B), Kos¬ 
ciusko (B). Hybanthus concolor, Miami (B). Vioi& eriocarpa , Howard 
(B). V. sororia, Vanderburgh (IU). Passiflora lutea var. glabrifolia , 
Parke (B). Opuntia humifusa, Tippecanoe (B), (P). Lythrum alatum , 
Miami (B). L. saMcaria , Kosciusko (D). Cuphea petiolata r Vander¬ 
burgh (IU). Rhexia virginica , Elkhart (B). Jussiaea diffusa , Morgan 
(B), Tippecanoe (P). Ludwigia altemifolia, Vanderburgh (IU). L. 
palustris var. americana , Vanderburgh (IU), Boone (B), Miami (B), 
Whitley (B) . L. polycarpa. La Porte (B). Epilobium coloratum, Wabash 
(B). Oenothera laciniata, Vanderburgh (IU), Miami (B), Tipton (B). 
O. pycnocarpa, Clinton (B), Carroll (B), Cass (B), Wabash (B), Elk¬ 
hart (B), Starke (B). 0. rhombipetala , Steuben (B). Gaura biennis , 
Howard (B). Arabia nudicaulis , Huntington (Hu). Sanicula gregaria, 
Whitley (B). marilandica, Miami (B). Chaerophyllum procumbens , 
Vanderburgh (IU). Torilis japonicus , Vanderburgh (IU). Conium 
maculatum , Wabash (B). *Spermolepis patens , Tippecanoe (B). See 
Flora, p. 1078. aurea, Wabash (B). Cicuta bulbifera , Fulton (B). 

Conioselinum chinense , Lagrange (D), (B). Angelica atropurpurea. 



Botany 


127 


Howard (B). Oxypolis rigidior Pulaski (B). Domcus carota , Vander¬ 
burgh (IU), Boone (B). Nyssa sylvatica var. typica, Vanderburgh 
(IU), Grant (B), Kosciusko (B), Elkhart (B). Cornus florida, Miami 
(B), Fulton (B). Pyi'ola elliptica, Elkhart (D), (B). P. rotundifolia 
var. americana, Elkhart (B). Vaccinium oxycoccus, Elkhart (B). V . 
vacillans, Elkhart (B). Hottonia inflata, Vanderburgh (IU). Samolus 
parviflorus, Dubois (B), Clinton (B). Lysimachia lanceolata, Pulaski 
(B), Lagrange (B). L. terrestris, Fulton (B). Diospyros virginiana, 
Vanderburgh (IU), Putnam (DP), Howard (B). Fraxinus americana, 
Grant (B). F. biltmoreana , Marion (B). F . lanceolata , Vanderburgh 
(IU), Huntington (B), Elkhart (B). F. nigra, Whitley (B). F. Penn¬ 
sylvania, Vanderburgh (IU). F. quadrangulata, Howard (B), Mian^ 
(B), Huntington (D). Forestiera acuminata, Vanderburgh (IU). Sabatia 
campanulata var. gracilis, Jasper (B). Gentiana crinita, Huntington 
(Hu). G. procera, Kosciusko (B). G. quinquefolia var. occidentals, 
Howard (B), Whitley (B). Swertia (Frasera) carolinensis (Walt.) 
Kunze, Howard (B), Whitley (B). See Amer. Midland Nat. 26:13. 
Apocynnm cannabinum, Vanderburgh (IU), Miami (B), Wabash (B). 
A. c. var. glaberrimum, Clinton (B), Grant (B), Fulton (B). A. c. var. 
pubescens, Putnam (DP). A. sibiricum var. farwellii, Wabash (B), 
Tippecanoe (B). Asclepias incamata, Boone (B), Clinton (B). A. 
phytolaccoides, Howard (B). A. sullivantii, Miami (B). A. tuberosa, 
Huntington (Hu). Ampelamus albidus, Vanderburgh (IU). Cuscuta 
gronovii, Kosciusko (B). C. pentagona, Vanderburgh (IU). Convolvulus 
arvensis, Howard (B). C. japonicus, Lagrange (D). C. sepium, Howard 
(B), Vanderburgh (IU). Ipomoea hederacea, Vanderburgh (IU), Clin¬ 
ton (B). I. lacunosu, Vanderburgh (IU). I. pandurata, Vanderburgh 
(IU), Huntington (B). Phlox paniculata, Boone (B). Hydrophyllum 
appendiculatum, Vanderburgh (IU). Ellisia nyctelea, Vanderburgh (IU). 
Lappula echinata , Huntington (B), Lagrange (B). Hackelia vir¬ 
giniana, Clinton (B)„ Myosotis micrantha, Porter (D). Litho - 

spermum arvense, Vanderburgh (IU). Echium vulgare, Miami 
(B). Verbena bracteata, Grant (B). X V. engelmannii, Boone 
(B). V. hastata, Boone (B), Wabash (B), Carroll (B). V . 
simplex , Kosciusko (B). V . stricta, Howard (B). V. urticaefolia, Boone 
(B), Wabash (B). V. u . var. leiocarpa, Miami (B). Phyla lanceolata , 
Boone (B), Wabash (B). Teucrium canadense var. virginicum, Howard 
(B). T. occidentale, Clinton (B). Isanthus brachiatus, Kosciusko (B). 
Scutellaria incana, Miami (B). S . lateriflora, Pike (B). S. parvuZa , 
Tipton (B). Marrubium vulgare, Crawford (B). Agastache nepetoides, 
Vanderburgh (IU), Carroll (B), Miami (B). A. scropulariaefolia, 
Kosciusko (B), Lagrange (B). Nepeta cataria, Boone (B), Clinton (B), 
Carroll (B). Glecoma hederacea, Howard (B). Prunella vulgaris var. 
lanceolata, Boone (B). Physostegia virginiana, Huntington (Hu). 
Lamium amplexicaule, Vanderburgh (IU). Leonurus cardiaca , Carroll 
(B), Wabash (B), Grant (B). Stachys hispida, Miami (B). S. palustris 
var. homotrichia, Miami (B). 5. tenuifolia, Boone (B). S. t . var. aspera, 
Vanderburgh (IU). Monarda clinopodia, Vanderburgh (IU). M. fistu- 
losa, Huntington (B). Blephilia hirsuta, Cass (B), Kosciusko (B). 



128 


Indiana Academy op Science 


Hedeoma pulegioides, Boone (B), Tipton (B). Lycopus americanus r 
Vanderburgh (IU), Pike (B), Boone (B), Clinton (B), Wabash (B), 
Whitley (B). L. rubellus, Howard (B). L, virginicus, Boone (B), 
Wabash (B). Mentha arvensis, Wabash (B). *M. crispa L., Howard 
(B). Gray Manual 7ed. p. 710. *M. longifolia (L.) Huds., Marion (B), 
(D). Gray Man. 7ed. p. 710, M . piperita, Wabash (B). M. spicata, 
Whitley (B). Physalis ambigua, La Porte (B). P. heteropkylla, Van¬ 
derburgh (IU), Parke (B), Tippecanoe (B). P. pubescens, Whitley (B), 
Miami (B). P. subglabrata, Vanderburgh (IU), Clinton (B), Miami 
(B), Wabash (B). Solanum carolinense, Vanderburgh (IU), Boone (B), 
Clinton (B), Wabash (B), & nigrum, Vanderburgh (IU), Whitley (B). 
B&tura stramonium , Clinton (B), Howard (B), Vanderburgh (IU). 
Verbascum blattaria , Miami (B), Vanderburgh (IU). V. thapsm , Van¬ 
derburgh (IU). Linaria vulgaris, Vanderburgh (IU), Clinton (B). 
Chaenorrhinum minus, Miami (B), Wabash (B), Kosciusko (B). Scrop- 
hularia marilandica, Clinton (B), Vanderburgh (IU), Wabash (B). 
Penstemon digitalis, Steuben (B), Tippecanoe (B). Mimulus alatus, 
Cass (B). M . ringens, Wabash (B), Clinton (B). Gratiola virginiana, 
Vanderburgh (IU). Leucospora multifida, Vanderburgh (IU). Lm- 
demia anagallidea, Vanderburgh (IU). L . dubia var. typica, Clinton (B), 
Cass (B). Veronica arvensis, Vanderburgh (IU). V. peregHna, Perry 
(B). V. scutellata , Pulaski (D), (B). Veronicastrum virginicum, Miami 
(B), Huntington (B). Gerardia purpurea, Fulton (B), Aureolaria 
virginica , Fulton (B). Melampyrum lineare, var. litifolium, La Porte 
(B). Campsis radicans, Vanderburgh (IU). Catalpa speciosa, 
Vanderburgh (IU). Orobanche ludoviciana var. genuina, Vanderburgh 
(IU), Tippecanoe (P). Epifagu# virginiana, Warren (P). Utricularia 
resupinata, Lagrange (B). Ruellia caroliniensis, Clinton (B). P. 
str epens, Vanderburgh (IU). Dianther a americana, Dubois (B), Boone 
(B). Plantago aristata, Vanderburgh (IU), Miami (B), Wabash (B), 
Elkhart (B). P. lanceolata, Vanderburgh (IU), Howard (B). P. rugelii, 
Vanderburgh (IU), Pike (B), Boone (B), Huntington (B). P. r, var. 
asperula, Miami (B). P. virginica, Carroll (P). Diodia teres var. 
setifolia, Miami (B). Galium boreale var. intermedium, Fulton (B). 
G, concinnum, Wabash (B). G. tinctorium, Fulton (B). G. triflorum , 
Grant (B). *G. verum, Howard (B). See Flora, p. 1092. Sambucus 
canadensis ,‘Vanderburgh (IU). Viburnum affine, Tippecanoe (D), (B). 
Triosteum angustifolium, Brown (B). T. aurantiacum var. illinoiense , 
Crawford (B). T. perfoliatum, Miami (B). ’“Valeriana officinalis L., 
La Porte (D), Gray Man. 7ed. p. 762. Echinocystis lobata, Boone (B). 
Sicyos angiclatus, Vanderburgh (IU). Campanula americana, Vander¬ 
burgh (IU). Specularia perfoliata, Fulton (B), Elkhart (B). Lobelia 
inflata, Boone (B), Miami (B). L . siphilitica, Boone (B). Vemonia 
altissima, Vanderburgh (IU), Clinton (B), Wabash (B), Huntington 
(Hu). Eupatorium altissimum, Clinton (B), Vanderburgh (IU). E. 
fistulosum, Howard (B). E. maculatum, Fulton (B). E. perfoliatum, 
Clinton (B), Wabash (B), Fulton (B). E. purpureum, Kosciusko (B), 
Whitley (B). E . rugosum, Vanderburgh (IU). E. serotinum , Cass (B). 
Liatris cylmdracea, Tippecanoe (B). Grindelia squarrosa, Miami (B). 
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Solidago altissima, Whitley (B). S> canadensis, Elkhart (B). 
S. c . var. gilvocanescens, Pulaski (B). S. gigantea, Miami (B). 
S. g. var, leiophylla, Miami (B), Fulton (B). S. graminifolia var. 
nuttallii , Vanderburgh (IU), Whitley (B). juncea , Elkhart (B). £. 
tatifolia , Clinton (B). S. media, Fulton (B). &. nemoralis , Vanderburgh 
(IU). S. ohioensis, Kosiusko (D), (B). 5. riddellii , Huntington (Hu). 
$. vlmifolia , Huntington (B). Aster cordifolius, Miami (B). A. lateri- 
florus , Whitley (B). A, Z. var. angustifolius, Whitley (B). A. lucidulus, 
Whitley (B). A. pilosus, Vanderburgh (IU). A. praeltus, 
Kosciusko (B). A. p. var. angustior, Fulton (B). A. shortii, Vander¬ 
burgh (IU). Brigeron annuus, Vanderburgh (IU), Fulton (B). E. 
canadensis, Vanderburgh (IU), Clinton (B), Cass (B), Wabash (B), 
Elkhart (B). B. philadelphicus , Vanderburgh (IU). E. ramosus , Van¬ 
derburgh (IU). Gnaphalium obtusifolium, Vanderburgh (IU). G. pur - 
pureum , Vanderburgh (IU). Inula helenium , Elkhart (B). Polymnia 
canadensis, Cass (B). Silphium integrifolium, Clinton (B). Ambrosia 
elatior , Vanderburgh (IU). A. trifida, Vanderburgh (IU). Xanthium 
pennsylvanicum, Vanderburgh (IU). Rudbeckia triloba, Clinton (B). 
R. laciniata, Clinton (B). Ratibida pinnata, Elkhart (B). Helianthus 
annuus , Vanderburgh (IU), Howard (B). H. divaricatus , Huntington 
(B). H. decapetalus, Starke (B). H . giganteus, Fulton (B). PL . 
maximilianiy La Porte (B). H. rigidus , Clinton (B). H. tuberosus, 
Huntington (B). Actinomeris aIternifolia, Huntington (B), Vander¬ 
burgh (IU). Coreopsis palmata, Tippecanoe (B), Kosciusko (B). B. 
bipinnata, Vanderburgh (IU), Kosciusko (B), B. discoidea , Vander¬ 
burgh (IU). B. f rondos a, Vanderburgh (IU). Galinsoga ciliata, Van¬ 
derburgh (IU), Fulton (B). Helenium autumnale, Kosciusko (B), 
Clinton (B). Anthemis arvensis, Elkhart (B). A. cotula, Clinton (B). 
A. nobilis , Posey (D). Achillea millefolium, Vanderburgh (IU), Grant 
(B). Matricaria matricarioides , Kosciusko (B). Chrysanthemum 
leucanthemum var. pinnatifidum , Vanderburgh (IU), Grant (B). 
Artemisia annua, Vanderburgh (IU), Marion (B), Tipton (B). 
A. caudata, Clinton (B). Erechtites hieracifolia, Pulaski (B). Cacalia 
atriplicifolia, Clinton (B). C. muhlenbergii, Cass (B). Senecio glabellus, 
Howard (B). Arctium mimis , Clinton (B). Cirsium altissimum, Cass 
(B), Clinton (B). C. arvense, Howard (B). C. a. var. mite, Howard 
(B), G. discolor, Clinton (B). Cichorium intybus r Vanderburgh (IU). 
Krigia biflora, Perry (B), Huntington (Hu). Tragopogon pratensis, 
Jasper (DP), Wabash (B), Elkhart (B). Taraxacum palustre var. 
vulgare, Vanderburgh (IU). Sonchus arvensis var. glabrescens, Howard 
(B), Lactuca biennis (Moench) Fern. (L. spicata of Flora), Kosciusko 
(D). Rhodora 42:300. L. canadensis var. typica, Vanderburgh (IU). 
L. c. var. integrifolia, Jasper (B). L. c. var. i f. angusta, Tippecanoe 
(B). L. saligna, Vanderburgh (IU). L. scariola, Huntington (B). L. 
villosa, Vanderburgh (IU). Pyrrhopappus carolinianus , Vanderburgh 
(IU), Warrick (IU). 

State Flora Committee: Charles C. Deam, Chairman 
Ralph Kriebel 
T. G. Yuncker 
R. C. Fribsner, Secretary 



CHEMISTRY 

Chairman: J. L. Riebsomer, DePauw University 

Professor K. N.. Campbell, University of Notre Dame, was elected 
chairman of the section for 1942. 

ABSTRACTS 

Determination of oxygen in organic compounds. Philip J. 
Elving and Waldo B. Ligett, Purdue University.—Oxygen in organic 
compounds is universally determined by difference, being calculated on 
the basis of the other determined constituents. This practice not only 
throws the sum of all the errors in the other determinations on the 
value calculated for oxygen but renders impossible the checking of the 
analysis by summation. In recent years, therefore, attention has been 
directed to the problem of the direct determination of oxygen in organic 
compounds. However, no entirely satisfactory method has yet been 
devised. In this paper the various published methods of attack for the 
determination of oxygen are classified into a few divisions; the tech¬ 
niques employed are critically examined and possible successful methods 
of solving the problem are pointed out. Research pointing to a satis¬ 
factory method is described. 

On the determination of the percentage of oxygen in the air. W. M. 
Blanchard and Merton Davis, DePauw University.—This communi¬ 
cation was presented, not because it carries any new chemical knowledge, 
but that it might encourage those teachers of chemistry who believe in 
teaching science as far as possible by the experimental method. One 
of the earliest and most important subjects to be presented in elementary 
chemistry is the composition of the air. Five procedures are commonly 
followed in determining the percentage of oxygen in the air. 

The method of absorbing the oxygen from the measured volume of 
air exposed to phosphorus pellets in a phosphorus pipette was illustrated 
by an actual experiment before those present. It is very rapid, taking 
only a few minutes, is quite accurate, and after the apparatus is once 
set up, may be used with class after class many times without further 
attention. 

A safe and simple method of preparing phosphorus pellets. 
William M. Blanchard and Merton Davis, DePauw University.— 
This is a simple procedure by which yellow phosphorus, melted under a 
little hot water, in a round bottomed flask, is forced through a small 
glass tube, through a layer of hot water, resting on a cylinder of cold 
water, in which it solidifies as it breaks up into a number of pellets. 
This principle is that by which ordinary lead shot are made by dropping 
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melted lead through a sieve into cold water. Care is taken to protect the 
phosphorus from air at all times. 

Systematic color nomenclature applied to inorganic qualitative an¬ 
alysis. L. P. Biefeld and Margaret Griffing, Purdue University.— 
A survey of the standard texts and references, used in qualitative 
analysis, revealed that no* consistent color nomenclature has been 
adopted and that the color names used are so general that they do not 
adequately designate the colors. Most of the solids, encountered in the 
undergraduate course in qualitative analysis, have been compared to the 
Munsell Color Charts under standardized viewing and illuminating 
conditions. They have been assigned definite color names in accordance 
with the nomenclature system adopted by the Inter-Society Color Council 
in 1931. 

Reaction of maleic anhydride with polymethyl naphthalenes. Mil- 
ton C. Kloetzel, DePauw University.— 9, 10-Dimethylanthracene and 
9-methylanthracene react more rapidly with maleic anhydride than does 
anthracene itself. It appears that substitution of methyl groups for 
hydrogen atoms in a diene may activate that diene towards maleic 
anhydride. Naphthalene has not been observed to undergo diene addi¬ 
tions. It has now been found that 2, 3-dimethylnaphthalene gives a 35% 
yield of adduct when heated with thirty moles of maleic anhydride for 
twenty-four hours at 100°. This reaction provides another example 
of activation of dienes by methyl groups, and likewise confirms the 
presence of a diene system in the naphthalene nucleus. It may be pre¬ 
dicted that 1, 2, 3, 4-tetramethylnaphthalene will react with maleic 
anhydride even more rapidly than does 2, 3-dimethylnaphthalene. Ex¬ 
periments to this effect are now in progress. 

Problems of teaching quantitative analysis II. Students’ laboratory 
records. M. G. Mellon, Purdue University, and D. R. Mellon, Youngs¬ 
town College, Yonugstown, Ohio,.—The general problem of preparing 
adequate laboratory records in quantitative analysis is considered, to¬ 
gether with suggestions for acceptable forms and books, and a usable 
method of handling reports when submitted for inspection. 



Experiments with Hydrogen-Exchange Zeolites for 
Preparing Acids 1 

Frank C. Mathers and Melville Yancey, Indiana University 

Introduction 

A recently developed artificial Zeolite, called Zeo-Karb,H- will ex¬ 
change hydrogen ions for sodium or other base ions. The final zeolite, 
now containing sodium in place of hydrogen, can be regenerated by 
treatment with some acid such as hydrochloric or sulfuric. These re¬ 
actions seemed to offer a possible new way of changing the sodium or 
other salts of acids, that are difficult to prepare, into the free acids. 
A good case where this process would be desirable, is perchloric acid 
from sodium or potassium perchlorate. Present methods** of making 
perchloric acid are difficult. Briefly, the proposed process would consist 
in treating the hydrogen zeolite with sodium perchlorate, whereby a 
sodium zeolite and free perchloric acid would be formed. The sodium 
zeolite would be regenerated by treatment with hydrochloric acid. 

The problem described in this paper was to determine the concen¬ 
tration and purity of the perchloric acid, the quantity of zeolite required, 
and the quantity of acid needed for regeneration. 

Materials 

The Zeo-Karb,H furnished by the Manufacturing Company,4 was 
a hard black granular substance. References in the literature indicated 
that it was made from coal by heating with acids. Apparently hydro¬ 
chloric acid had been used as chloride was released to any percolating 
liquid. 

The industrial use for this zeolite seems to be in purifying water 
whereby sodium as well as other base ions can be substituted in the 
water by hydrogen. 

The carbonic acid, thus left in the water, can be removed by aera¬ 
tion. Then, the water will contain less total ions than when softened 
by any other method. 


Experimental 

In the preliminary experiments, hydrochloric acid was prepared 
from sodium chloride. In the first experiment, 10 gram^f of the Zeo- 
KarbH were placed in a buret which was then filled with normal sodium 

1 From a thesis as part of the requirements for an A.M. degree by Mr, Yancey, 
a Chemical and Metallurgical Engineering, 4&:177 (1939). Industrial and 
Engineering Chemistry, 33:1291 (1941). 

8 Newnam and Mathers, Trans. Electrochemical Society, 73:271 (1939). 

* Permutile Company, 330 W. 42nd Street, New York City. 
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chloride (58.5g/L). Every five minutes, solution, as shown in the table, 
was withdrawn from the bottom for analysis. The data are given in 
Table I. 


Table I 


Time 

Ml of 

Normality 

Grams of 

Percent of 

in 

acid 

of acid 

HC1 per ml. 

NaCl changed 

min. 

collected 

collected 

of sample 

to normal HC1 

5 

4.6 

.6228 

0.0227 

62.2 

10 

3.2 

.3547 

0.0130 

35.7 

15 

12.0 

.1634 

0.0059 

16.3 

20 

2.3 

.1839 

0.0067 

18.4 

25 

1.6 

.0715 

0.0026 

7.15 

30 

6.0 

;0511 

0.0129 

5.11 

35 

1.8 

.0715 

0.0026 

7.15 


A survey of these data shows that the maximum concentration of 
acid produced was .6228, whereas normal acid should have been obtained, 
if exchange had been perfect. The normality decreased rapidly, thus 
showing small capacity of the zeolite. This maximum yield of acid was, 
therefore, only 62.2%, and the yield on the last sodium chloride passing 
through the zeolite was just 7.15%. The over all yield of hydrochloric 
acid for the total run using 31.5 ml. of N. NaCl on 10 g. of zeolite was 
22.5%. 

In the next series of experiments, 20 g. of zeolite were used, other¬ 
wise the experiments were made as before. 

Table II 

Percent or 


Time 

Ml of 

Normality 

Grams of 

the NaCl that 

in 

HC1 

of the 

HC1 per 

was changed 

min. 

collected 

HC1 produced 

ml. of HC1 

to HC1 

5 

3.0 

.8781 

.032 

87.8 

10 

1.1 

.6841 

.0249 

68.4 

15 

2.6 

.5718 

.02085 

55,2 

20 

2.0 

.4595 

.01675 

45.9 

25 

1.9 

.3880 

.01415 

38:8 

30 

3.1 

.3165 

.01154 

31.6 

35 

2.9 

.2533 

.00931 

25.5 

40 

2.7 

.2245 

.00819 

22.4 

45 

2.6 

.2961 

.0101 

29,6 

50 

2.1 

.0715 

.0026 

7.1 

55 

4.4 

,1532 

.0056 

15.3 

60 

3.7 

.1225 

.0045 

12.2 

65 

1.3 

.1125 

.0045 

12.2 

70 

1.1 

.1123 

.0041 

11,2 
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A survey of these data shows that maximum exchange to hydro¬ 
chloric acid for the first contact, which, of course, should give the 
highest, was 87.8%. The total yield of hydrochloric acid from 34.5 ml. 
of N. NaCl on 20 grams of zeolite was 32%. 

In Table III, 40 grams of zeolite were used, and the time of contact 
was reduced to 3 minutes. 


Table III 


Time 


Normality 

. Grams of 

Percent of 
the NaCl that 

in 

Ml. of HC1 

of the 

HC1 per 

was changed 

min. 

collected 

HC1 produced 

ml. of HC1 

into N HC1 

3 

2.6 

1.174 

.04282 

117.4 

6 

4.3 

.8487 

.0309 

84.7 

9 

2.3 

.6534 

.02383 

65.3 

12 

2.5 

.5616 

.02048 

56.1 

15 

1.4 

.5285 

.01916 

52.5 

18 

2.7 

.4850 

.01786 

48.5 

21 

3.5 

.4390 

.01600 

43.9 

24 

3.0 

.4084 

.01489 

40.8 

27 

2.0 

.3637 

.0134 

33.76 

30 

2.0 

.3396 

.0123 

33.7 


A survey of these data shows that the excess of zeolite gave up 
extra acid as shown by the normality of the first acid being 1.174. 

The total yield of hydrochloric acid from the 26.3 ml. of N. NaCl 
was about 57%. 

In the next experiments, normal sodium sulfate was used. The 
acid produced contained hydrochloric in every case, which showed that 
the zeolite had been activated with hydrochloric acid. Data were about 
the same as for hydrochloric acid. 

A 0.25 normal solution of potassium perchlorate at 30° was tried. 
The small solubility of this salt required this temperature and concen¬ 
tration. Twenty ml. of this solution were stirred with 10 grams of 
zeolite for 15 minutes and filtered. The per cent conversion was 77.6. 
This was not analyzed for hydrochloric acid, which, undoubtedly, was 
present. The same experiment, except at 55°, showed a 167.6 percent 
yield of acid. This of course meant a large liberation of hydrochloric 
acid from the zeolite. There was no difficulty in regenerating the zeolite. 

All the above experiments showed that the method proposed would 
not be satisfactory for the preparation of any acid. 

(1) In no case did a conversion approach completion. 

(2) The solutions produced were impure due to release of some of 
the acid ions used in activating the zeolite. 

(3) The solutions produced were more dilute than is desirable for 
ordinary use. 
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Rapid Preparation of a Carbonate-Free Standard 
Base Solution 

Walter E. Thrun, Valparaiso University 

A search in the late editions of textbooks on quantitative analysis 
failed to show a method for preparing a standard carbonate-free solu¬ 
tion of sodium hydroxide which is as simple as the one which has been 
used in this laboratory for a number of years. Filtering, siphoning, 
the boiling of water are operations which can be avoided by allowing 
ferric hydroxide to carry and hold down the precipitate of barium car¬ 
bonate produced by the addition of barium hydroxide or chloride. Calcu¬ 
lations show that in the differential titration of 25 ml. of 0.1 N hydro¬ 
chloric acid with 0.1 N sodium hydroxide, using phenolphthalein and 
methyl orange as indicators, a difference of 0.1 ml may be expected 
when no carbonate is present. For every per cent of carbonate 0.125 ml 
increase in the difference should be found. Since drops are the smallest 
units of solution added, a carbonate-free hydroxide solution may show 
a difference of 0.15-0.20 ml in practice. Students who have prepared 
solutions according to these directions have rarely exceeded this dif¬ 
ference in their titrations. 

Assuming the laboratory air to contain 7 volumes of carbon dioxide 
per 10,000, the 60 ml of air in the buret would contain 0.08 mg of it. 
If this were all absorbed while siphoning the hydroxide into the buret, 
an equivalent of 0.036 ml. of N. sodium carbonate would be formed. 
This causes an error which is negligible for most purposes. 

The solution is prepared by dissolving ten per cent excess of 
sodium hydroxide in ordinary distilled water in the bottle to be used 
to store the solution. Then 0.4 g. (per liter solution) of barium 
chloride or hydroxide dissolved in a little water are added. The solu¬ 
tion is shaken and allowed to stand a few minutes. Now a solution 
containing 0.5 g. of ferric chloride is added, followed by shaking. After 
a final swirl a glass siphon is inserted. The stopper which holds the 
siphon should have another hole provided with a soda-lime tube. The 
suspension settles in one, or, at most, a few hours. If water vapor 
condenses on the sides of the bottle it may again be shaken. The usual 
closure for the siphon is a rubber tube and pinch clamp. If a short 
glass tube is connected, the carbon dioxide from the air will precipitate 
barium carbonate in it. It is better to insert a clean tube before 
siphoning into the buret. 



Synthetic Resins and Base Exchange Phenomena 

Philip J. Elving, Meyer H. Danzig and G. Bryant Bachman, 
Purdue University 

The phenomenon of base exchange which has been known for a long 
time was first applied by Way (50) in 1850 to the adsorption of cations 
by soils. However, the discovery of the exchangeability of bases is 
usually credited to Eichorn (12). Half a century passed before this 
reaction was put to practical purposes, when in 1906 Gans (16) patented 
the first commercial application for the use of zeolites in water soften¬ 
ing. Since then the development of zeolites has progressed to the 
point where the use of these inorganic base exchangers is world-wide 
in scope. Not only are zeolites applied to the softening of industrial 
waters for laundry, textile, boiler feed, and other purposes, but they 
are likewise used in domestic and other small-scale water softening 
plants. In 1938 200,000 zeolite softeners were in operation throughout 
the United States (37). Since then the number has increased markedly. 

The fundamental principles of the base exchange process are based 
on the following reactions: 

Softening. Na zeolite + Ca salts —> Ca zeolite + Na salt. 

Regeneration. Ca zeolite + NaCl —> CaCl 2 -f Na zeolite. 

Austerweil (5a-c) gives a physico-chemical explanation for the base 
exchange reaction in zeolites, the principal point of which is the fact 
that the relationship between a cation in aqueous solution and a zeolite 
fully saturated with only a single different cation is an extraction 
process, the solid base-exchange substance playing the part of a non- 
miscible solvent for the cation in aqueous solution. The reaction follows 
the fundamental extraction law. Nernst showed that every extraction 
phenomenon is independent of the concentration. That base-exchange 
reactions are likewise independent of concentration has been shown by 
Austerweil (5c), thus confirming some former investigation in this 
direction by Ramann and Spengel (36). Besides this extraction process, 
there is a second phenomenon which complies with the law of mass 
action and the phase rule. It indicates that the extraction is accom¬ 
panied by an equilibrium between the two cations in the solution, which 
equilibrium is itself determined by the ratio of the concentrations of the 
two zeolites present, the original one and the newly formed one. Auster¬ 
weil based this theory on experiments of this type: The zeolite base- 
exchanger is first washed with water till it has a pH of 7. Then the 
zeolite is carefully saturated with the cation, the exchange of which is 
to be investigated. After washing, the exchangeable cation content of 
the zeolite is determined by the usual analytical methods. 

The discovery of Adams and Holmes (1) that phenol-formaldehyde 
resins exhibited base exchange properties focused attention on the pos- 
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sibility of using organic exchangers, Ellis (12) suggested that all base 
exchange substances of organic origin be called ‘organolites’ to distin¬ 
guish them from the inorganic zeolites. The ion exchange and adsorp¬ 
tion reactions of synthetic resins are based on the following equations: 

Softening. (1) NaR + CaCl* CaR B + NaCl. 

(2) HR + NaCl -» NaR + HC1. 

(3) R' + H 2 S0 4 R' . H 2 SO*. 

NaR is the sodium salt of a cation exchange resin, HR is the hydro¬ 
gen form of a cation exchange resin, and R' is an anion exchange or acid 
adsorbent resin. As is evident, the use of organolites permits the re¬ 
moval not only of calcium ions, but also the removal of the alkali metal 
salts originally present or formed by the calcium removal. The usual 
regenerative technic is used. 

Though various theories have been advanced to explain adsorption 
on synthetic resins by consideration of solubility, valency, coagulation, 
and other factors, no successful theory has been brought forth to explain 
all the facts. Bhatnagar and his co-workers (10a) showed the molecular 
weight of the anion to have a great effect on adsorbability. The anion 
apparently must be accommodated in the internal capillary structure of 
the adsorbent. The adsorption of acids by synthetic resins appears to 
be governed by at least two simultaneous processes, adsorption through 
surface forces, and physio-chemical interaction of hydrogen ions with 
basic groups in the resin. In the case of polyhydric phenol-formaldehyde 
resins, Burrell (12) believes base exchange to take place through the 
functional phenolic group. These resins are insoluble compounds pos¬ 
sessing salt-forming hydroxyl or sulfonic acid groups, which functional 
groups react with cations and hold them in the insoluble adsorbent until 
the regenerating medium removes them. Burrell found that base ex¬ 
change ceased when the phenolic group was oxidized. This theory is 
also confirmed by Akeroyd and Broughton (3) who studied the adsorp¬ 
tion rates of calcium, barium, sodium, and trimethylbenzylammonium 
hydroxides on simple mono-, di-, and tri-hydroxy phenol-formaldehyde 
resins. The adsorption differences for various adsorbents were explained 
by pointing to the varying degrees of accessibility of the hydroxyl 
groups, which is controlled by the structure of the phenol in question 
and by the degree of polymerization of the resin. 

The following classification of exchange adsorbents was suggested 
by Myers, Eastes, and Myers (32): 

I. Cation-Exchange adsorbents 

A. Inorganic: 

1. Natural origin, unmodified and modified (greensands) 

2, Synthetic (synthetic gel zeolite) 

B. Organic: 

1. Natural origin, unmodified (peat) and modified (sulfon- 
ated coal) 

2, Synthetic (tannin and phenol formaldehyde resins) 
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II. Anion-Exchange adsorbents 

A. Inorganic: 

1. Natural origin (dolomite) 

2. Synthetic (heavy-metal silicates) 

B. Organic: 

1. Natural origin, unmodified (horn, wool) and modified 
(alkali-treated asphalt) 

2. Synthetic (amine-formaldehyde resin) 

The types of resins used to date for cation removal are (a) phenol- 
formaldehyde (acid- or ammonia-condensed), (b) resorcinol-formalde¬ 
hyde (acid- or ammonia-condensed), (c) m-phenylenediamine-formalde- 
hyde, and (d) protein-formaldehyde. 

Three types of resins can be used for anion adsorption, (a) aromatic 
bases, (b) amides including sulfonamides, and (c) proteins. Much of 
the work on anion removal has been done with aromatic bases. Resins 
formed from amides are yet to be systematically examined for ion- 
exchange ability. The use of amino-resins opens up thp possibility of 
removing fluorides, silicates, sulfates, chlorides, and other anions from 
solution. 

There is very little in the literature on anion exchange with the 
exception of patents, although a few fundamental papers on this sub¬ 
ject have been published (5b, 5d, 10b, 10c, 13, 18, 32, 40). The same is 
true of the literature with respect to synthetic resins as cation exchange 
materials. While there are a few general articles on the subject (3, 5a-b, 
12, 32), most of the available literature is confined to patents. The re¬ 
sults obtained with the various types of resins are systematically sum¬ 
marized in the following discussion. 

Despite the fact that Sato and Sekine (39) had drawn attention to 
the amphoteric nature of phenol-formaldehyde resins and Shone (41) 
had recorded the behavior of some forty metallic salts which reacted 
with the latter, it remained for Adams and Holmes (1) to make the 
first systematic study of the adsorptive properties of these substances. 
Prior to this work, resins were rated solely on their physical properties, 
but these authors called attention to a consideration of the chemical as 
well as of the physical properties; since then there has been a rapid 
expansion in the application of synthetic resins to both cation and 
anion exchange. 

Adams and Holmes tested the exchange capacity of their adsorbents 
in a simple manner. Solutions of each salt were prepared containing 
0.0035 moles per liter and possessing pH values characteristic of the 
salt used. The solution of the cation being tested was passed through 10 
grams of the washed, dried, and sieved resin at a rate of about 
200 ml. per hour. The presence of the cation was tested in 50 to 
100 ml. of the filtrate by the usual analytical procedures. When ca¬ 
tions were detected in the filtrate, denoting exhaustion of the resin bed, 
the material was treated with 5 per cent hydrochloric acid to remove 
the adsorbed cation and regenerate the resin. The resins examined 
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were catechin, phloroglucinol, pyrocatechol, pyrogallol, quebracho-tannin, 
resorcinol (ammonia-condensed), and resorcinol (acid-condensed). Al¬ 
though difficulties due to channelling made the results more or less 
qualitative, polyhydric phenol-resins were found to exhibit strong and 
selective adsorptive properties for a large number of cations, and amino- 
resins were found to be quite efficacious for the removal of anions from 
solution. The consecutive use of phenolic and amino-resins was sug¬ 
gested to effect complete removal of dissolved salts from solution. 

An examination of Adams and Holmes’ data reveals several inter¬ 
esting points, which can be summarized as follows: (1) number of 
cases where adsorption did not occur; (2) decided general adsorption 
by phloroglucinol and quebracho-tannin resins; (3) decided selective 
adsorption by catechol, resorcinol, quinol, pyrogallol, and catechin resins; 
and (4) considerable removal of certain heavy metals with one or more 
of the adsorbents, e.g., mercury, silver, tin, vanadium, and uranyl ions. 

Other significant facts were that adsorption occurred under rela¬ 
tively acidic conditions, i.e. pH as low as 1 or 2; that arsenic could be 
separated from antimony by selective adsorption; and that lead acetate 
and lead nitrate were adsorbed in different degree. The quebracho- 
tannin resin showed an adsorption for cations, the amount of which 
was inversely proportional to the valency of the cation. 

Bhatnagar, Kapur and Puri (9) found that the adsorption of an 
homologous series of organic acids on an acid-condensed phenolic resin 
increased strongly with increase in molecular weight. However, Tsuruta 
(43) studied the adsorption of these acids on an ammonia-condensed 
phenolic resin and found the reverse to hold, i.e. adsorption decreased 
with increasing molecular weight. Bhatnagar (10a), who confirmed 
Tsuruta’s work for ammonia-condensed resins, substantiated his pre¬ 
vious results for acid-condensed resins and found that ammonia-con¬ 
densed invariably gave much greater adsorption than acid-condensed 
resins. 

The adsorption experiments of Bhatnagar and his co-workers were 
conducted in a simple manner. One gram of the powdered resin was 
placed in a glass-stoppered bottle containing 100 ml. of the solution to 
be examined. The bottle was shaken for five minutes and allowed to 
settle for 36 hours. The supernatent liquid was then decanted and the 
' amount of solute determined by the usual analytical methods. A blank 
experiment carried out simultaneously gave the original concentration. 
The difference gave the amount adsorbed from 100 ml. of the aqueous 
solution. 

Considerable emphasis has been laid on cation removal by phenol- 
formaldehyde resins as is seen by the many patents on this subject 
(2a, 22, 24d, 24j, 25c, 25j). 

The adsorption of potassium chloride, potassium bromide, and potas¬ 
sium iodide by a m-phenylenediamine-formaldehyde resin was studied by 
Bhatnagar (10a) and the results showed clearly that with increasing 
weight of anion, a marked decrease in the quantity adsorbed is obtained. 
This order is exactly the reverse of that obtained for the adsorption of 
the potassium salts on charcoal by Oden and Langelius (34) and others. 
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This is to be expected, for Bhatnagar found that in basic resins the 
normal Traube’s rule 1 is reversed for an homologous series of 
fatty acids, the order of adsorption being formis> acetio butyric and 
oxalic> malonic> succinic> adipic, showing that the adsorption decreases 
with the increase in molecular weight. It is also interesting to note 
that the order of adsorption of the potassium salts is exactly the reverse 
of the order of the solubilities of the salts in water. This result is con¬ 
firmed by the observations of Beckley and Taylor (7), and Mukhrjee and 
Ray (31) who also found that the less soluble salts are adsorbed more 
than the soluble ones. 

An examination of the univalent complex anions showed that the 
inverse solubility-adsorption relationship does not hold in an exact 
manner. While there is a general relationship between the solubility 
and the adsorbability of a solute, there are many exceptions. Low 
solubility alone is insufficient to determine adsorbability; it is necessary 
to consider whether or not the anion can be accommodated in the 
internal capillary structure of the adsorbent. For example, Bhatnagar 
(Ida) found that in the case of chlorate, bromate, and iodate, though 
bromate is less soluble than the chlorate and should have been expected 
to be adsorbed more strongly, it is adsorbed less owing to its greater 
molecular weight. Thus, the order of adsorption is chlorate> bro¬ 
mate;. iodate. He also pointed out that the order of adsorption for 
bivalent anions was dichromate> chromate> thiosulfate, which is exactly 
the reverse of the solubility. Bhatnagar. claims that there is no relation 
between valency and adsorbability. 

Bhatnagar (lOb-c) studied the adsorption of formic, acetic, and 
butyric acids on resorcinol-formaldehyde (both acid- and ammonia- 
condensed), m-phenylenediamine-formaldehyde, and protein-formaldehyde 
resins in different solvents. The results in benzene solution, car¬ 
bon tetrachloride, and chloroform showed the adsorption order: 
formic> acetic> butyric. In water solution the order of adsorption was 
the same for all the materials except for the acid-condensed resorcinol 
resin, which had the adsorption order; butyrioacetic>formic. Thus, in 
nonpolar solvents Traube’s rule is reversed even in the case of acid- 
phenolic resins. As the dipole moment of the solvent decreased, the 
percent adsorption increased, the adsorption, being at a maximum in 
carbon tetrachloride which has a zero dipole moment. 

The work on the adsorption of different homologous series of organic 
acids on resorcinol-formaldehyde, protein-formaldehyde and m-pheny- 
lenediamine-formaldehyde resins reveals several points Of interest; 

(1) For an homologous series of acids the adsorption increases 
with an increase of molecular weight on an acid-condensed resin, while 
there is a decrease of adsorption with increasing molecular weight on 
an ammonia-condensed resin. 


1 Traube's rule states that for the members of an homologous series, 
there is an increase of adsorption with increasing molecular weight. The 
increase of adsorption is due to the decreased effect of the members of a 
series on the surface tension of a given solvent as one ascends the series. 
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(2) The extent of adsorption apparently increases with increase 
in ionization constant. For example, the chloracetic acids are more 
adsorbed the greater their ionization, i.e., trichloroacetic> dichloro- 
acetic> chloroacetic, 

(3) The adsorption by ammonia-condensed amino and protein 
resins increases with the introduction of carboxyl, hydroxyl, chloride, 
or bromide. However, such groups as NH a or alkyl cause a decrease 
in adsorption. 

(4) Adsorption increases with the polarity of the molecule in 
ammonia-condensed and amino-resins, while it decreases for an acid- 
condensed resin. In the former cases the percentage adsorption in¬ 
creases with increasing dipole moment. 

(5) For the ketonic acids, pyruvic and levulinic, the percentage of 
adsorption was greater for the acid of higher molecular weight in the 
case of acid-condensed resins, while the reverse was true for ammonia- 
condensed and amino-resins. 

(6) Maleic and citraconic acids are adsorbed more than fumaric, 
leading one to believe that the adsorption of the cis-form is greater 
than the trans-form in ammonia-condensed and amino-resins,. The order 
of adsorption is again reversed in the case of the acid-condensed resin. 

The reversal of Traube's rule in the case of ammonia-condensed, 
amino, and protein resins is explained (10c) on the basis of the orienta¬ 
tion of molecules at the adsorbent-solvent surface according to the 
theories of Langmuir (20) and Harkins (20). The results obtained in 
the case of acid-condensed phenolic resins are opposed to those obtained 
with basic materials. This may be due to the fact that an acid resin 
is less polar than water. Bhatnagar (10c) found that in non-polar 
solvents the results with acid-condensed resins are in line with those 
obtained using basic resins. From his studies Bhatnagar concluded 
that the ammonia-condensed and amino-resins behave as strongly polar 
substances while the acid-condensed behave as non-polar or weakly 
polar substances. 

The results of Schwartz, Edwards, and Boudreau (40) in removing 
chlorides and sulfates by a m-phenylenediamine-formaldehyde resin 
showed that the solutes were removed as whole molecules and ion ex¬ 
change played a minor role in the reaction. They failed to obtain anion 
adsorption on such substances as m-phenylenediamine-Iurfural-ammonia 
and furfuryl alcohol-hydrochloric acid resins. This work was confirmed 
by Myers, Eastes and Urquhart (33) who showed that acids were 
removed as whole molecules and that the adsorption data of Schwartz 
gave isotherms of the Freundlich type. They pointed out that there 
might be a relation between the adsorption isotherms and exchange 
capacity of synthetic resins. If such would be the case, then a rapid 
method would be available to evaluate new resins. They were able to 
calculate the exchange capacity from the adsorption isotherm and 
arrived at results which came close to the actual figures. The work 
of Bhatnagar and his associates (lOa-c) also gave typical isotherms. 

No cation * exchange was noted (1) in resins of the glyptal, hydro- 
carbon-formaldehyde, urea-formaldehyde and vinyl types. Burrell (12) 
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found no sodium-calcium base exchange in the rosin-maleic anhydride 
type. Furfural-condensed resins with resorcinol or aniline were like¬ 
wise incapable of ion adsorption. 

‘Mixed’ resins (25h), formed from the condensation of formalde¬ 
hyde with amino-hydroxy or amino-hydroxy-carboxylic acids, are effec¬ 
tive in cation and anion removal. Organolites derived from the formal¬ 
dehyde condensation of aromatic amines such as aniline, m-toluidine, 
and sym-m-xylidine can be used as anion adsorbents (2b, 19, 23, 24c). 
A sugar-m-phenylenediamine condensed resin can likewise be used for 
anion exchange (35a). Other patents on anion exchange have been 
issued covering the use of aromatic amines condensed with aldehydes 
(25d, 26, 30a-b, 35b-c, 44). 

Patents on base exchange materials cover the use of resins formed 
from such substances as cyclic organic compounds having an imino 
group in the ring (45a), or by the aldehyde condensation of naphthalene 
or anthracene (25f, 49), and by the sulfonation of plastic reaction 
products as those derived from benzene and ethylene chloride (51). 
Resins produced from amides, e.g., urea or guanidine, and a cyanuric 
acid-condensed resin can be used for cation exchange (24g). Com¬ 
pounds formed by dehydration of coal, starch or wood meal with zinc 
chloride were found capable of base exchange (42a-b). 

Other patents on base exchange cover a variety of types such as sul- 
fonated resins and resins of varying aromatic amines condensed with 
polyhydric compounds and carboxylic acids (6b, 15, 17, 24e, 25a-b, 25i, 
45b, 52). 

Applications. The application of synthetic resins to the purification 
of industrial waters has already been put on a small scale operation by 
Resinous Products and Chemical Company and awaits large scale devel¬ 
opment. Water purification for high-pressure steam generation, textile 
processing, beverage manufacturing, and other uses where water of very 
low solid content is a necessity has been accomplished with synthetic 
exchange adsorbents. 

The manufacture of drugs, C.P. chemicals, enzymes, dyestuffs, 
sugars, and vitamins can be aided by the removal of electrolytes and 
foreign substances from solution. A patent (6a) has been granted on 
the use of synthetic materials prepared from lignite, anthracite, and 
vegetable substances as water softeners. These can be used in the 
manufacture of salts by the base-exchange process, the purification of 
sugar juice, and the adsorption of bases from smoke, vapors and gases, 
e.g. the removal of nicotine from smoke. Sugar solutions can be purified 
by passage through a hydrogen exchanger and 1;hen through an anion 
exchanger, leaving the conductivity of the effluent equal to that of dis¬ 
tilled water. 

The use of ion-exchange resins for the recovery of valuable elec¬ 
trolytes present in very dilute solutions has immense possibility. The 
recovery of copper from industrial effluents or from mine wastes has 
been patented (21). Specifically, the recovery of copper from the waste 
liquor of a copper rayon factory has been effected by the use of sulfon- 
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ated m-phenylenediamine-formaldehyde (24b) or ethyleneimine-methy- 
lene chloride resins (24a). Ellis (14) was able to remove metallic ele¬ 
ments such as lead and gold from water by the use of an organolite. 
Patents have been issued for ion-exchange materials used in the removal 
of all salts or of specific ions from solutions (6a, 11, 25e, 25g, 26), The 
removal of valuable materials from sea water might be attempted, using 
basic exchange resins. 

The anion-exchange resins have been successfully employed in com¬ 
bination with a hydrogen exchanger in the production of a high-quality 
‘chemically distilled' water in the laboratory. Myers (32) used two 50 
mm. tubes filled to a depth of 900 mm. each with the organolite to remove 
all the dissolved salts from tap water. The effluent showed no chlorides 
or sulfates, maintained a pH greater than 5.0 (due to carbon dioxide 
only) and was often equal to distilled water in other qualities. Silica 
was not removed by this method. 

The use of base exchange materials in analytical chemistry was 
studied by Samuelson (38a-c). With the aid of a sulfonic acid organo¬ 
lite, it was possible to remove all aluminum ions from a solution contain¬ 
ing a little more than two milliequivalents of aluminum sulfate; hydro¬ 
gen ions replaced aluminum ions in the solution. The hydrogen ion 
equivalent of the aluminum could then be titrated with sodium hydroxide 
to a methyl red-end point. While most of the values were excellent, 
there was as much as one per cent error in a few cases. With 5 g. 
of organolite, saturated with ammonium ions, one could completely re¬ 
move 2 milliequivalents of potassium, forming the ammonium salts of 
the anions in the filtrate. Then, by washing with hydrochloric acid all 
the adsorbed alkali cations can be removed and, after evaporation to 
dryness and careful ignition, the chloride equivalent to the potassium 
could be titrated with silver nitrate. Such a method is particularly 
advantageous when a non-volatile anion such as vanadate is present. 
Much less time is required than when the vanadate is removed by 
means of the insoluble lead salt, and the results are more accurate. 
Analogous technics involving ion replacement were applied to the deter¬ 
mination of sulfate (38b) and the separation of ferric and aluminum 
ions from secondary calcium phosphate (38c). Complex anion formation 
does not interfere with the latter. This method has distinct possibilities 
in analytical chemistry particularly for determining total milliequiva¬ 
lents of cations and anions present in a solution. * 

The fact that ion-exchange resins behave as exchange adsorbents 
suggests that ; they might be suitable in chromatographic separations. 
While the black color of many resins obscures this phenomenon, it has 
been noticed (32) that certain light-colored anion-exchange materials 
showed marked banding when a mixture of anions was passed through 
the column. These bands were proven to be pure derivatives of the 
components of the solution when subjected to chemical analysis. This 
phenomenon merits further investigation. 

Advantages of Resins Compared to Zeolites. The outstanding ad¬ 
vantages offered by synthetic resins when compared to zeolites are 
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evident. Resins surpass their inorganic counterparts not only in the 
width of applicability but likewise in specific cases, as in water soften¬ 
ing, where zeolites predominate. 

An important advantage of organolites over zeolites lies in the 
ability of a resin to be regenerated by an acid whose anion forms a 
soluble salt with the cation exchanged for hydrogen ion. Zeolites are 
attacked by acids, lowering their exchange capacity (8, 87). Moreover, 
resins are fairly stable to change of pH while zeolites deteriorate when 
subjected to waters of low pH (27),. If the pH of water is high, or 
the silica content is very low, silica from siliceous zeolites will be dis¬ 
solved. The silica pick-up is greater from the synthetic, precipitated 
type of zeolite than from glauconite (4). 

Synthetic resins are lighter than zeolites in weight and suffer in loss 
of physical strength. Nevertheless, disruption of the silicate lattice 
easily occurs when a heavily hydrated ion is exchanged for a lighter 
ion producing a strain on the lattice. The synthetic resins have a flexible 
structure and can withstand strain to a remarkable degree. 

The advantages and uses for synthetic resins indicate a promising 
future for resin chemistry in the field of base exchange. 

Bibliography 

1. Adams, B. A. and Holmes, E. L., J. Soc. Chem. Ind., ,54:1-6T (1935). 

2. Adams, B. A. and Holmes, E. L., (a) IT. S. patent 2,104,501 (Oct. 25, 
1935); (b) IJ. S. patent 2,151,883 (March, 1939). 

3. Akeroyd, E, I. and Broughton, G., J. Phys. Chem., 42:343-52 (193§). 

4. Applebaum, S. B., J. Am. Water Works Assoc., 300 (1938). 

5. Austerweil, G., (a) Bull. Soc. CKim., 51:732 (1932); (b) Comp, rend., 
194:1532 (1932); (c) J. Soc. Chem. Ind., 53:185-9T (1934); (d) Rev. Gen. Mat. 
Color., 42:201-5, 241-6 (1938). 

6. Austerweil, G. V., (a) Brit, patent 497,708 (Dec. 19, 1938); (b) Fr. 
patent 832,866 (Oct. 4, 1938). 

7. Beckley, J. S. and Taylor, H. S., J. Phys. Chem., 20:942 (1925). 

8. Behrman, A. S. and Gustafson, H., Ind. Eng. Chem., 28:1279-82 (1986). 

9. Bhatnagar, S. S., Kapur, A. N., and Puri, M, L., J. Indian Chem. Soc, 
13:679-88 (1936). 

10. Bhatnagar, S. S., Kapur, A. N., and Bhatnagar, M» S. (a) X Indian 
Chem. Soc., 16:249-57 (1939); (b) Ibid., 16:261-8 (1939); (c) Ibid,, 17:361-9 
(1940). 

11. Bird, P. G., U. S. patent 2,248,055 (July 8, 1941). 

12. Burrell, H„ Ind. Eng. Chem., 30:358-63 (1938). 

13. Broughton, G. and Lee, Y. N., J. Phys. Chem., 43:737 (1939). 

14. Ellis, C., Ind. Eng. Chem., 28:1141-42 (1936). 

15. Findley, D. M., U. S. patent 2,230,641 (Feb. 4, 1941). 

16. Gans, R„ Germ, patent 197,111 (1906). 

17. Gibbons, W. A., Can. patent 378,655 (Jan. 3, 1939). 

18. Goudey, R, F., J. Am. Water Works Assoc., 32:435-56 (1940). 

19. Griessback, R., Wassenegger, H., and Broderson, K., U. S. patent 

2,228,514 (Jan. 14, 1941). i 

20. Harkins, W., J. Am. Chem. Soc., 30:354 (1917). 

21. Hartz, W. and Gerstner, F., Germ, patent 672.489 (March 3, 1939). 

22. Holmes, E. L., Brit, patent 474,361 (Oct. 25, 1937). 

23. Holmes, E. L., Holmes, L. E., and Prescott, W., Brit, patent 506,291 
(May 25, 1939). 

24. I. G. Farbenind. A. G. f Brit, patents (a) 489,173 (July 20, 1938); 
(b) 489,437 (July 26, 1938); (c) 495,032 (Nov. 4, 1938); (d) 498,261 (Jan. 2, 



Chemistry 


145 


1939); (©) 505,186 (May 5, 1939); (f) 515,517 (Dec. 7, 1939); (g) 524,695 
(Aug. 13, 1940). 

25. Ibid., Fr. patents (a) 816,448 (Aug-. 7, 1937); (b) 820,969 (Nov. 24, 
1937); (c) 823,808 (Jari. 27, 1938); (d) 828,691 (May 25, 1938); (e) 830,227 
(July 25, 1938); (f) S32,725 (Oct. 3, 1938); (g) 832,796 (Oct. 3, 1938); (h) 
838,332 (March 2, 1939); (i) 839,999 (Apr. 17, 1939); (j) 845,669 (Oct. 30, 1939). 

26. Kirkpatrick, H. W., IT. S. patent 2,106,486 (Jan. 25, 1938). 

27. Kolb, A., U. S. patent 1,193,795 (Aug. 8, 1916). 

28. Kriegsheim, H., U. S. patent 1,192,075 (July 25, 1916). 

29. Langmuir, I., J. Am. Chem. Soc., 38:2221 (1916). 

30. Melof, E., U. S. patents (a) 2,246,526 (June 24, 1941); (b) 2,246,527 
(June 24, 1941). 

31. Mukhrjee and Ray, J. Indian Chem. Soc., 1:173 (1924). 

32. Myers, R. J., Eastes, J. W., and Myers, F. J., Ind. Eng. Chem., 
33:697-706 (1941). 

33. Myers, R. J., Eastes, J. W., and Urquhart, D., Ind. Eng. Chem., 
33:1270-75 (1941). 

34. Oden, S., and Langelius, E. W., J. Phys. Chem., 25:385-98 (1921). 

35. Phillips et Pain, Etablissments, Fr. patents (a) 819,433 (Oct. 19, 

1937) ; (b) 836,855 (Jan. 27, 1939); (c) 848,122 (Oct. 24, 1929). 

36. Ramann, E. and Spengel, A., Z. Anorg. Chem., 195:81 (1919). 

37. &iley, R., The Paper Mill and Wood Pulp News, Sept. 24, 1938. 

38. Samuelson, O., (a) Svensk. Kem. Tid. 51:195-206 (1939); (b) Ibid., 
52:115-25 (1940); (c) Ibid., 52:241-7 (1940). 

39. Sato, S. and Sekine, J. Soc. Chem. Ind. Japan., 24:51 (1921). 

40. Schwartz, M. C., Edwards, Jr., W. R., and Bourdreaux, Grace, Ind. 
Eng. Chem., 32:1462-66 (1940). 

41. Shono, J. Soc. Chem. Ind. Japan., 29:53 (1926). 

42. Smit., P., U. S. patents (a) 2,191,063 (Jan. 10, 1935); (b) 2,198,393 
(May 22, 1935). 

43. Tsuruta, S., J. Soc. Chem. Ind. Japan., 41:129B (1938). 

44. Urbain, 0. M., U. S. patent 2,208,172 (May 10, 1938). 

45. Urbain, O. M. and Stemen, W. R., U. S. patents (a) 2,148,970 (Feb. 

24, 1938); (b) 2,210,966 (July 3, 1937). 

46. Vaughan, W., U. S. patent 2,190,853 (May 13, 1935). 

47. Wassenegger, H., and Griessback, R., U. S. patent 2,228,159 (Jan. 7, 
1941). 

48. Wassenegger, H., Griessback, R., and Sutterlin, W., U. S. patent 
2,228,160 (Jan. 7, 1941). 

49. Wassenegger, H. and Jaeger, K., U. S. patent 2,204,539 (June 21, 

1938) . 

50. Way, J. T., J. Roy. Agr. Soc., 11:313 (1850). 

51. Wilson, T. I,., U. S, patent 2,235,971 (June 2, 1939). 

52. Young, C, B., U. S. patent 2,143,670 (Oct. 19, 1936). 



The Effect of NaCl, KC1, Na 2 S0 4 , and K 2 S0 4 on Glass 
Membrane Potentials 1 

E. W. Kanning, and James A. Stoops, Indiana University 

The errors of the glass electrode as a result of the presence of salts 
in the solutions in which the glass membrane is immersed have been the 
subject of researches, principally by Dole and his co-workers, 2 The 
errors caused by ions other than the hydrogen ions are most pro¬ 
nounced in alkaline solution. It is found that, in general, the error 
depends upon the nature and concentration of the positive ions present. 
Dole and his collaborators point out that the glass electrode deviates in 
behavior from the hydrogen electrode because of the fact that positive 
ions other than the hydrogen ion take part in the glass electrode reac¬ 
tion. This appears to be the result of the possible permeability of the 
glass membrane for positive ions other than the hydrated proton. As 
a result of the passage of these cations, for example sodium or potassium, 
through the glass membrane under the influence of a small electric 
current, the glass electrode will not behave as a pure hydrogen electrode 
but will be a so-called mixed electrode. 

In the use of the glass electrode in the measurement of the hydrogen- 
ion concentration in the presence of sodium chloride, potassium chloride, 
sodium sulfate and potassium sulfate, the authors thought it advisable to 
determine the deviation of the glass membrane potential from the true 
hydrogen electrode function. The study reported in this paper shows 
some of the results obtained for these deviations in rather concentrated 
solutions of the above mentioned salts over the pH range at which the 
glass electrode is applicable. 


Experimental 

Apparatus and procedure. The potential of the following type of 
cell was measured to determine the effect of the salts on the potential 
of the glass membrane. 


Quinhydrone 

Salt Solution 

Buffer 

Electrode in 

under 

Solution 

Buffer. pH = 3 

Investigation 



Glass 

Membrane 


Quinhydrone 
Electrode in 
Buffer, pH = 3 


In order to determine the effect of a given salt at a given concen¬ 
tration on the membrane potential at different pH values, the pH of 
the buffer solution on the right side of the glass membrane was varied. 
This procedure was carried out over the pH range X to 9 and for 


^-This paper is constructed from a dissertation presented by James A. Stoops 
to the Faculty of the Graduate School of Indiana University in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy in Chemistry. 

2 For a survey of the errors of the glass electrode see M. Dole, The Glass 
Electrode,- John Wiley and Sons, Inc., New York, 1941. 
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various concentrations of sodium chloride, potassium chloride, sodium 
sulfate and potassium sulfate in the solution on the left side of the 
glass membrane. 

The quinhydrone electrodes consisted of platinum electrodes immersed 
in buffer solutions of pH 3 which were saturated with quinhydrone. 
The two quinhydrone electrodes involved in each series of potential 
measurements were checked for equality of potential. Connection be¬ 
tween the quinhydrone electrodes and the two solutions bathing the glass 
membrane was effected by means of saturated potassium chloride in 
agar bridges. In each experiment the pH of the buffer solution on the 
right of the glass membrane was determined by means of a hydrogen 
electrode against a saturated calomel electrode. 

The glass membrane was prepared by blowing a thin bulb from 
Corning .015 glass. After preparation, the bulb was immersed in dis¬ 
tilled water until diffusion equilibrium was attained. The same glass 
electrode was used throughout the entire series of experiments. 

The potentials of the cells were measured by means of a Leeds and 
Northrup type K potentiometer in conjunction with a type R reflecting 
galvanometer. It was found that the potentials reached an equilibrium 
after 15 to 30 minutes and that they were reproducible to about 0.2 
to 0.4 millivolts. All measurements were made in duplicate and at 25° 
C. in a constant temperature oil bath. 

Data and Results 

The data in Table I represent a summary of approximately 150 
separate experiments all of which were carried out in duplicate and in 
many instances in triplicate. The values in the last column of the 

Table I.—Deviations of the Potential of the Glass Membrane from 
that of the Hydrogen Electrode over the pH range 1 to 9 at 25° C. 


Salt 

Concentration of 
Salt Solution, 
Moles/liter 

Average Deviation 
of Glass Potential from 
the Hydrogen Electrode 
over pH range 1 to 9 

NaCl 

0.01 

0.6084 volt 

tt 

0.10 

0.6164 

tt 

1.00 

0.5490 

KOI 

0.01 

0.5967 

tt 

0.10 

0.6800 

a 

• 1,00 

0.5639 

Na,SO. 

0.01 . 

0.5924 - 

it 

0.10 

0.6109 

tt 

1.00 

0.6028 

KaSO. 

0.01 

0.6025 

tt 

0.10 

0.6557 

tt 

1.00 

0.6117 


table were computed in the following manner. For each series of 
experiments the pH of the buffer solution on one side of the glass mem- 
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brane was varied over the pH range 1 to 9 while the nature and 
concentration of the salt solution on the other side of the membrane 
was kept constant. From 10 to 12 different buffer solutions were em¬ 
ployed in each series of experiments. From the value of the glass 
membrane potential in each experiment, the deviation from the hydro¬ 
gen electrode potential was computed as a difference. Since the devia¬ 
tions of the glass membrane potential from the hydrogen electrode were 
constant within a reasonable limit over the entire pH range studied, an 
average deviation was computed, the values of which for the various 
salts and salt concentrations are listed in the table. 

In Figure 1 are plotted the potentials of the glass membrane against 
the pH of the buffer solution on one side of the membrane for the four 
series of experiments employing 0.1 M solutions of the four salts studied. 
The e.m.f.-pH relationships for the 1.0 M solutions of the salts 
are quite similar and, for this reason, the graphs for this concentration 
are omitted. The deviations of the glass membrane potentials for the 
0.01 M solutions of the salts were found to be so nearly the same for all 
four salts that a plot of the e.m.f.-pH relationship has no conclusive 
significance. In the plots for all the conditions of nature and concen¬ 
tration of the salt solutions bathing one side of the glass membrane, the 



Fig. 1. Relationship of e. m. f, of the glass membrane and the pH as effected 
by the four salts (salt cone. =0.1K).(A)KC1/ (B)K 2 SO*, (C)NaCl, (D) Na*SO*. 
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potential of the cell was found to be a linear function of the pH. This 
indicates that the glass membrane functions as a hydrogen electrode 
over the pH range 1 to 9 in the presence of relatively concentrated “solu¬ 
tions of NaCl, KC1, NaaSO-i, K2SO4. The deviations listed in the table 
represent the absolute differences in the potentials of the glass membrane 
and the potentials of the hydrogen electrode under similar pH conditions. 

From the results of the study of the effect of the four salts at three 
concentrations on the potential of the glass membrane the following con¬ 
clusions may be drawn. First, over the pH range 1 to 9, which is the 
range over which the glass electrode is applicable, the potential of the 
glass membrane is a linear function of the pH, and this relationship is 
unaffected by the nature or concentration of the salt which bathes the 
membrane. Second, for 0.01 M solutions of sodium and potassium 
chloride and sulfate, the glass membrane potentials are very nearly the 
same, within the limits of experimental error, with an average devia¬ 
tion from the potential of the hydrogen electrode of 0.6000 volt. In 
0.10 M solutions* of the four salts, the difference between the glass 
membrane potential and that of the hydrogen electrode varies with the 
nature of the salt. At this concentration, the order of the magnitude 
of the difference is KC1> K 2 S0 4 > NaCl> Na 2 SO*. At a salt concentration 
of 1.0 M , the order is 

K 2 S0 4 > Na 2 S04> KC1> NaCl. 

At the concentration of 0.10 M, apparently the cation is the factor 
responsible for the deviation, with potassium causing the greater differ¬ 
ence between the membrane potential and the potential of the hydrogen 
electrode. At 1.0 M salt concentration, the anion seems to be the con¬ 
trolling factor with the sulfate ion causing the greater deviation. This 
change in the order of the deviations is difficult to explain, since it has 
been shown by many researches of Dole that the cation takes part in the 
electrode reaction. An explanation may be found in the effect which the 
different salts have on the activity of water. 


Summary 


The potential of the following cell was measured for 0.01 M , 0.10 M t 
and 1.0 M solutions of NaCl, KC1, Na 3 SO*, and KaSO* over the pH range 
1 to 9, 


Quinhydrone 

Salt Solution 

Buffer 

Electrode in 

under 

Solution 

Buffer. pH = 3 

Investigation 



Glass 

Membrane 


Quinhydrone 
Electrode in 
Buffer. pH » 3 


Under all conditions of the nature and concentration of the salt 
solution on the left side of the glass membrane, the potential of the cell 
was found to be a linear function of the pH of the buffer solution on the 
right side of the membrane over the pH range 1 to 9. 

The effect of the nature and concentration of the salt solution 
bathing the glass membrane on the difference between the glass mem¬ 
brane potential and the potential of the hydrogen electrode is reported. 



The Dissociation Constant of Methylamine at 25° C* 1 

E. W. Kanning and A. F. Schmelzle, Indiana University 


An electromotive force method for the determination of the ioniza¬ 
tion constants of weak acids and weak bases has been developed by 
Harned and his associates (1). Application of the method to solutions 
of ammonia and organic bases presents the difficulty of finding an elec¬ 
trode, reversible to the anion, which is sufficiently insoluble in those 
solutions. In preliminary measurements made in ammonia solutions, 
Owen (2) studied the silver-silver iodide electrode and found that this 
electrode gave promise of being suitable to a limited extent in solutions 
of bases. 

In the present investigation, the dissociation constant of methyla¬ 
mine has been determined at 25° C., employing the silver-silver iodide 
electrode in a cell of the following type, 

(Pt) Ha/CHaNHa (wi), CH 8 NH S I (m*), KI (m 3 ) / Agl, Ag 

Applying the method of Harned and his co-workers in the manner used 
by Nims and Smith (3) for the second acid constant of di-alanine, the 
electromotive force of the cell may be expressed by, 


r, 

in which m I} man and m K refer to the total molalities of the indicated 
ions, m, to the molality of methylamine, and Kb to the dissociation con¬ 
stant of methylamine, which is given by the equation, 


Jl: Uf + io . 

1.30X6 RT t# $ 

= loj «•„- (o$ 


utl (WlBr-mJ _ 

y r } 


K„ = 




(a.) 


The molality of the hydroxyl ion is evaluated from the ionization con¬ 
stant of water as was done by Nims and Smith (3). At zero ionic 
strength (ju = 0), log (yCHsNHn yl/yCHaNHa) becomes equal to zero, 
so that Fi equals log K b . Thus, an extrapolation to zero ionic strength 
of a plot of the values of Fi obtained for a series of cells in which the 
constituents are at varying concentrations against the ionic strength 
enables evaluation of Kb. 


1 This paper is constructed from a dissertation presented by Ambrose 
F. Schmelzle to the Faculty of the Graduate School of Indiana University in 
partial fulfillment of the requirements for the degree of Doctor of Philosophy in 
Chemistry. 
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Experimental 

Materials. Monomethylamine hydrochloride purchased from the 
Eastman Kodak Co. was dried at 110° C and extracted with purified 
chloroform (4). The extracted salt was again dined and stored over 
calcium chloride. Methylamine solutions were prepared by dissolving in 
redistilled water methylamine gas generated by dropping a concentrated 
solution of sodium hydroxide on the purified hydrochloride (mixed with 
a small quantity of yellow mercuric oxide). The solutions were stand¬ 
ardized with constant boiling hydrochloric acid. 

Methylamine hydroiodide was prepared by dissolving methylamine 
gas generated as described above in ether and then passing hydrogen 
iodide vapors over the solution. The hydrogen iodide was prepared by 
dropping a 57% solution of hydroiodic acid on phosphorus pentoxide. 
The hydroiodide was recrystallized twice by dissolving in a minimum of 
ethyl alcohol and then adding a large excess of ether. The recrystallized 
salt was dried first by centrifugation and then in an oven at 50° C. for 
about 24 hours. It was stored over activated alumina. Baker’s special 
C. P. grade of potassium iodide was recrystallized twice from redistilled 
water at 45° C., (5) and,dried in a vacuum. 

The cell solutions were prepared by weighing out a definite quantity 
of the methylamine solution, and adding weighed quantities of water, 
methylamine hydroiodide, and potassium iodide to give a solution of 
desired ionic strength. Weights were corrected for the buoyancy effect 
of air when necessary. 

Apparatus. The cell vessel employed was similar to that used by 
Nims and Smith (6) with the modification that it was constructed from 
two elements of a Pyrex ground glass joint. The vessel was joined by 
means of a ground glass joint to two Bichowsky and Storch (7) satura¬ 
tors containing solutions of approximately the same concentration as the 
cell solution. The silver-silver iodide electrodes were of the thermal 
type prepared as described by Owen (8). The hydrogen electrodes were 
prepared according to the directions of Popoff, Kunz and Snow (9) with 
the exception that no lead acetate was added to the chloroplatinic acid 
plating solution. Commercial tank hydrogen was purified by passing 
over copper gauze heated to 450° C. and then through a series of wash 
bottles containing successively water, dilute potassium hydroxide solu¬ 
tion, dilute potassium permanganate solution, and water. 

The cell vessel and the saturators were immersed in a constant 
temperature bath kept at 25° ± 0.07° C. At least one-half hour was 
allowed for the apparatus to reach thermal equilibrium. The hydrogen 
purification train was flushed out for five minutes before hydrogen gas 
was passed through the cell. Potential readings were made at one min¬ 
ute intervals by means of a Leeds and Northrup type K potentiometer 
and a type R reflecting galvanometer. The potentiometer circuit was 
balanced against an Eppley standard cell which was certified by the 
manufacturer and checked against another certified cell. 
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Data and Results 

The values obtained for the electromotive force of cells containing 
the methylamine-methylamine hydroiodide buffer solutions and potassium 
iodide at 20° C. are listed in Table I. The ionic strength was calculated 
on the basis of complete dissociation of potassium iodide and of methyl- 
amine hydroiodide, and of 15% dissociation of methylamine. The elec¬ 
tromotive force values listed represent the maximum values observed 
for each experiment corrected to one atmosphere pressure. This maxi¬ 
mum value was generally reached within a half-hour. The potential 
remained constant to within 0.05 millivolt for about ten minutes and then 
drifted off indefinitely at the rate of about 0.1 millivolt every five min¬ 
utes. This drift was thought not to be due to the loss of methylamine 
in the hydrogen stream in view of the low vapor pressure at the con¬ 
centration employed (10). Owen (11) reported a similar drift in meas¬ 
urements with the silver iodide electrode in ammonia solutions. The 
possibility of the potential drift being due to the solvent action of the 
solutions on the glass vessels was ruled out by coating the inner walls 
of all vessels with paraffin. 

In Figure 1 the values of Ft (equation 1) are plotted against the 
ionic strength. The values of E 0 used in the computation of the extra- 



Fig. 1. Plot of Ft against the ionic strength in the determination of the 
dissociation constant of methylamine at 25°C, 

polation function. Ft were taken from the work of Owen (8)* These 
are opposite in sign to the measured electromotive force values since, as 
is pointed out by Pearce and Fortsch (12) a change in the sign of the 
potential of the silver-silver iodide electrode occurs between a hydrogen 
iodide concentration of 0.079 m and 0.050 m. The extrapolated value 
of F% is log Fl 6 , which, when subtracted from the value of Kv> reported 
by Harned and Greary (13), gives the classical dissociation constant of 
methylamine. 
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Table I.—Electromotive Force Data for the Cell, (Pt) Ha/CHaNHa 
(mi), CHaNHJ (m a ), KI (m«)/AgI, Ag, at 25° C. 


Ionic 


m 

m 

m 

Strength 



CHaNHa 

CHaNHJ 

KI 

00 

E 

Ft 

0.02945 

0.03012 

0.04311 

0.0776 

0.5536 

10.8251 

0.01186 

0.01210 

0.01731 

0.0212 

0.5707 

10.7353 

0.02705 

0.02741 

0.01970 

0.0512 

0.5628 

10.7863 

0,01664 

0.01687 

0.01212 

0.0315 

0.5726 

10.7498 

0.02969 

0.03009 

0.06018 

0.0947 

0.5525 

10.8979 

0.02983 

0.02987 

0.05082 

0.0852 

0.5530 

10.8504 

0.00850 

.0.00837 

0.00869 

0.0172 

0.5804 

10.6551 


The value of K & for methylamine computed from the data is 

4.71 x 10-4 at 25° C. compared to 4.38 x 10-4 obtained by Harned and 
Owen (14) from potentiometric data employing cells with negligible 
liquid junctions. From conductivity data, Bredig (15) obtained a value 
of 5.0 x 10”*. Although better agreement might be desirable the value of 

4.71 x 10~ 4 obtained, from the electromotive force measurements reported 
in this paper is as accurate as could be expected considering the experi¬ 
mental difficulties encountered. As a general conclusion, the method as 
outlined seems to lack the precision and reproducibility in the determina¬ 
tion of the dissociation constants of bases which it enjoys in the study 
of acid solutions. 


Summary 

The dissociation constant of methylamine has been determined 
from measurements of the electromotive force of cells of the type, 

(Pt) Hjt/CHsNHa, CHsNHJ, KI/AgI, Ag. 

The classical dissociation constant of this organic base was found to be 

4.71 x 10” 4 at 25° C. 
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The Relation Between Intensity of Chemiluminescence and 
Depth of the Luminescing Solution 

Evans W. Cottman, Madison 

As the depth of a chemiluminescent solution is increased, the. amount 
of radiation per unit area is greater and the light appears brighter. 
This is to be expected, as the radiation is being emitted from all points 
throughout the solution. The present studies were undertaken in an 
attempt to ascertain to what extent the intensity of the luminescence 
increases with depth of the luminescing solution. The determinations 
were made by photographic methods, employing a photoelectric den¬ 
sitometer. 

The essential apparatus used, will be designated as a “depth wedge,” 
A side view of this is shown in figure 1. It consists of a wedge shaped 
chamber A, 3" deep by 4" long. This is painted black on the inside. 



Fig*. 1. Sectional side view of depth wedge. 
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Over the open top of this chamber is placed a glass plate B. The film 
C is placed in proper position over B, during exposure. The top view 
of plate B is shown in figure 2. The top surface is completely masked 
with black paper except for the two 4" slits E and F. These slits 
exactly fit over the 4" length of chamber A. Over slit F is secured a 
strip of exposed film having a low, but uniform, density. Proper guides 
must be provided for placing film C, while working in the dark, in the 
correct position with respect to A, E and F. 

The photographic exposure was carried out as follows: Chamber A 
was filled to overflowing with distilled water. A small quantity of 
Chemgloi was added and stirred continuously during the exposure. 
Plate B was set in place over chamber A. Film C was then placed in 
proper position and exposed 30 seconds. The results of this exposure 
are shown in E' and F' of figure 3. These correspond to the slits 



Fig-, 8. Photograph of density wedges (S' and F') and densigram G, 

E and F of figure 2. They will be here designated as “density wedges.” 

Both these density wedges clearly show the increase in density 
corresponding to increase in depth of solution, However, it is necessary 
to translate these densities into relative intensities of the light, as pro¬ 
duced by various depths of solution. This requires that the charac¬ 
teristic or H & D curve be ascertained. A simple procedure was devised 
for obtaining the H & D curve for any film bearing other photographic 
data. Since the film will bear its own individual H & D data, a stand¬ 
ardized developmental technique will be unnecessary. 

The step wedge G (Fig, 3), designated here as a “densigram”, sup¬ 
plies the data for drawing the H & D curve of this film. The densigram 
was made as follows: A section of a step wedge having known densities 
was mounted on a glass plate. This will be here designated as “the 
standard wedge.” The glass plate has the same dimensions as the film 
of figure 3, that is, ZW x 4All the surface of the plate, except that 
part covered by the standard wedge, was masked with tin foil. The film, 


x Chemglo is a luminol preparation in powdered form. When added to 
water, it produces a blue luminescence of long duration. 
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which had already been exposed to the depth wedge, was placed on top 
of this plate, emulsion side down, in such a position that the unexposed 
portion of the film would be over the standard wedge. Exposure was 
made from a uniform source of illumination underneath the glass plate. 
The densities impressed upon the film will, of course, be in inverse ratio 
to those of the standard wedge. In the H & D curve, the densities of 
the steps of the densigram are plotted against the logs of the exposures 
which produced these densities. Exposure is the product of time and 


Table I.- 

-Data from which the H & D curve of figure 4 was drawn. 
Log intensity 

Step No. 

Density of 

of light transmitted Density produced 


standard wedge 

through standard wedge on densigram 

1 

1.11 

, 

8.89—10 

0.17 

2 

0.94 


9.06—10 

0.21 

3 

0.78 


9.22—10 

0.28 

4 

0.63 


9.37—10 

0.38 

5 

0.49 


9.51—10 

0.50 

6 

0.38 


9.62—10 

0.61 

7 

0.29 


9.71—10 

0.71 

8 

0.23 


9.77—10 

0.77 

9 

0.18 


9.81—10 

0.84 

Table II.- 

—Relation of depth of solution to intensity of light emitted. 

Density 

Position 

Depth 

Density Log 

Relative 

wedge No. 

(inches) 

(inches) 

intensity 

intensity 

1 

0.1 

0.225 

0.225 9.100—10 

0.126 

1 

0.2 

0.300 

0.245 9.150—10 

0.141 

1 

0.3 

0.375 

0.266 9.195—10 

0.157 

1 

0.5 

0.525 

0.315 9.273—10 

0.187 

1 

0.7 

0.675 

0.370 9.354—10 

0.230 

1 

1.0 

0.900 

0.430 9.432—10 

0.270 

1 

1.5 

1.275 

0.500 9.510—10 

0.324 

1 

2.0 

1.650 

0.550 9.566—10 

0.368 

1 

2.5 

2.025 

0.560 9.677—10 

0.378 

1 

3,0 

2.400 

0.570 9.586—10 

0.385 

1 

3.5 

2.775 

No perceptible increase 


2 

0.1 

0.^25 

0.160 8.800—10 

0.063 

2 

0.2 

0.300 

0.180 8.934—10 

0.086 

2 

0.3 

0.375 

0,195 9.000—10 

0.100 

2 

0.5 

0.525 

0.230 9.113—10 

0.130 

2 s 

0.7 

0.675 

0.265 9.195—10 

0.157 

2 

1.0 

0.900 

0.295 9.241—10 

0.174 

2 

1.5 

1.275 

0.370 9.355—10 

0.227 

2 

2.0 

1.650 

0.400 9.394—10 

0.248 

2 

2.5 

2.025 

0.420 9.420—10 

0.263 

2 

3.0 

2.400 

0.440 9.443—10 

0.277 

2 ’ 

3.5 

2.775 

No perceptible increase 
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light intensity,. Since the time of exposure is the same for all of the 
steps, the density may therefore be plotted against the log of the in¬ 
tensity. The logs of the intensity of the light transmitted through the 
steps of the standard wedge, will be the reciprocals of the density’of 
those steps. Exposure through the standard wedge produced the densi- 
gram shown in figure 3. The density of the densigram steps was meas¬ 
ured, and from these data the H & D curve was drawn. The data are 
shown in Table I and the H & D curve is given in figure 4. The originals 



Fig. 4. H and D curve of film of Fig. 3. Data are taken from Table I. 
Fig. 5, Density wedge curves. Data are taken from Table II. 


of figures 4 and 5 were drawn on cross section paper, which permitted 
a much more accurate reading of the curve, than is possible with the 
graphs shown here. 

Density readings were then taken at a number of positions along 
each density wedge, and the depth of solution was calculated for each 
position. From these densities, the logs of the intensifies were read 
from the H & D curve, and the intensity in each case was determined. 
Table XI shows the data for both density wedges. The curves were drawn 
for the two wedges, intensity of the emitted light being plotted against 
depth of solution. These curves are given in figure 5. 

Summary 

1. The greater the depth of a chemiluminescent solution, the greater 
will be the apparent brightness of the light. 

2. The effect of depth upon the intensity of chemiluminescent solu¬ 
tions was studied, and quantitative measurements of this effect were 
made, using photographic procedure. 

3. A simple method is presented for obtaining the H & D curve of 
any individual film carrying other photographic data. 



The Hydration of Mixtures of 1-Heptyne and 1-Heptene 

Kenneth N. Campbell and Edward J. Tomcik, 

University of Notre Dame 

In the course of our studies on the reduction of alkyl and dialkyl 
acetylenes, it became desirable to find a method whereby the amounts 
of acetylene and olefin present in the reduction mixture could be deter¬ 
mined, Unfortunately, the boiling points of acetylenes and olefins of 
the same carbon skeleton lie too close together to permit of efficient 
separation by fractional distillation. Index of refraction measurements 
can be used to analyze a two-component mixture, but since it was 
possible that our reduction mixtures also contained some of a third 
component, the saturated hydrocarbon, this method did not seem prom¬ 
ising. Terminally bonded acetylenes can, of course, be separated from 
olefins and saturated hydrocarbons by virtue of the acidic hydrogen 
atom,- through formation of a copper, mercury or silver salt, but this 
method is of no value with disubstituted acetylenes, and a general pro¬ 
cedure was desired. 

It seemed reasonable to hope that a selective hydration method 
could be developed which would permit of hydration of either the acety¬ 
lene or the olefin, but not of both. Such a method might also be used for 
the purification of olefins and acetylenes. With this in mind, a study of 
the hydration of mixtures of acetylenes and olefins was undertaken, 
using 1-heptyne and 1-heptene. 

There is comparatively little information in the literature on the 
hydration of higher unsaturated compounds. The lower olefins, ethy¬ 
lene, propylene and the butylenes, are converted to alcohols by treatment 
with sulfuric acid of various strengths; sometimes the reaction mixture 
is heated, but more frequently the reaction occurs in the cold (I, 2) . No 
studies have been made, apparently, on the conditions necessary to bring 
about hydration of higher, straight-chain olefins. Acetylenes, in the 
absence of a catalyst, are not as readily hydrated as are the lower ole¬ 
fins; Behai (3) found it necessary to use concentrated sulfuric acid in 
the cold, and Favorski (4) used dilute sulfuric acid, with heating in a 
bomb tube, to hydrate acetylenes. By the use of a mercuric salt as 
catalyst, however, hydration of an acetylene can be accomplished under 
much milder conditions; Campbell, Thomas and Hennion (5) showed that 
1-hexyne could be hydrated at 60° in aqueous methanol, acetone or acetic 
acid by the use of small amounts of sulfuric acid and mercuric sulfate. 

In the present work an attempt was made to find conditions which 
would permit of hydration of the olefin and not the acetylene, and vice- 
versa. When an equimolar mixture of 1-heptyne and 1-heptene was 
heated at 70° in 60% aqueous acetic acid, in the presence of a little 
mercuric sulfate and sulfuric acid, distillation of the reaction product 
showed that 1-heptyne had been hydrated but not the heptene, The 
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yield of methyl n-amyl ketone of constant boiling point was about 85% 
of the theoretical, but only about half of the 1-heptene used was recov¬ 
ered. Since there was- only a small amount of tarry residue formed, the 
loss of olefin was probably due to solubility or volatility. 

When an equimolar mixture of 1-heptyne and 1-heptene was treated 
at 0° with 60% sulfuric acid, no hydration of either hydrocarbon could 
be detected, and 80% of the hydrocarbon mixture was recovered. Since 
hydration sometimes occurs better at higher temperatures (4), the 
heptyne-heptene mixture was treated with 60% sulfuric acid at 60°, but 
here again no high-boiling product was obtained and the mixed hydro¬ 
carbons were recovered. The use of 85% phosphoric acid in place of 
60% sulfuric acid, at 75° was of no avail; no hydration occurred. An 
attempt was made to use a 1:1 mixture of sulfuric and acetic acids as 
hydration medium, but this resulted in charring and polymerization of 
the hydrocarbons. 

It is possible, from this work, to convert the acetylene in an acety¬ 
lene-olefin mixture to the corresponding ketone in good yields; since, 
however, the, olefin is not recovered quantitatively, the method is not 
suitable for analysis of such mixtures. No conditions have been found 
so far which will cause the olefin to be hydrated, and not the acetylene. 

Experimental 

Reagents. 1-Heptyne, b.p. 99°, n 20 : 1.4088, was prepared from 

D 

sodium acetylide and amyl bromide in liquid ammonia solution (6), and 
1-heptene, b.p. 94-95°, n 20 : 1.3973, was made by the catalytic hydrogena- 
D 

tion of the acetylene in the presence of Raney nickel, by the procedure 
of Campbell and Eby (7). The sulfuric and phosphoric acids used were 
reagent grade, as was the mercuric sulfate. 

Hydration in 60% acetic acid. A mixture of one-fourth mole (24 g.) 
of 1-heptyne and one-fourth mole (24.5 g.) of 1-heptene was added 
dropwise, with stirring, over a period of an hour, to a solution of 1 g. 
of mercuric sulfate and 1 g. of sulfuric acid in 50 g. of 60% acetic acid. 
The reaction mixture was maintained at 70° during the addition and 
for three hours thereafter. It was then cooled to room temperature 
and treated with a solution of 28 g. of sodium carbonate in 75 cc. of 
water. Sodium chloride was added to salt out any organic material 
held in the water, and the organic layer was separated, washed with 
saturated sodium chloride solution, and dried over anhydrous magnesium 
sulfate. It was then distilled through a Whitmore-Penske total-conden¬ 
sation, partial-take-off column packed with glass helices. There was 
thus obtained 24 g. of material of b.p. 87-89V50 mm., I50°/747 mm., 
n ao : 1.4093; 12.3 g. of 1-heptene, b.p. 92°/740 mm., n 20 : 1.3970-1.3979, 
D D 

and about 3 g. of residue. A comparison of the main product with 
methyl n-amyl ketone shows they are the same; methyl n-amyl ketone 
has b.p. 150°, n20 : 1.4083, while for methylamylcarbinol the values are: 
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Hydration in 60% sulfuric acid. A mixture of one-fourth mole of 
heptyne and one-fourth mole of heptene was added, dropwise and with 
stirring, to 50 g. of 60% sulfuric acid. The mixture was kept at 0° 
during the addition, and for three hours thereafter. It was then poured 
onto ice and the acid neutralized with sodium carbonate. The entire 
mixture distilled at 93-99° at atmospheric pressure, n^o ; 1.3998-1.4058, 

showing that no hydration of either component had occurred. The 
weight of distillate was 39.1 g., and there was a residue of about S g. 

When the hydration temperature was kept at 60° instead of 0°, the 
results were similar; no hydration occurred, but less material was recov¬ 
ered, due to polymerization. 

Hydration in phosphoric acid. A mixture of one-fourth mole of 
acetylene and one-fourth mole of olefin was added to 50 g. of 85% 
phosphoric acid, kept at 55°. When addition was complete, the mixture 
was heated at 55° for two hours and then at 75° for two hours. When 
it was worked up in the usual way the entire product boiled at 94-100°, 
n^o : 1.3979-1.4068, and weighed 39.2 g. 

Summary 

When a mixture of 1-heptyne and 1-heptene is treated with 60% 
acetic acid in the presence of mercuric sulfate and sulfuric acid, the 
acetylene is converted to methyl amyl ketone, and part of the olefin is 
recovered. 

Treatment of a mixture of the two unsaturated hydrocarbons with 
60% sulfuric acid at 0° and at 60°, or with 85% phosphoric acid at 75°, 
causes no hydration of either component. 
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The Preparation and Reactions of Lithium Urea 

Kenneth N. Campbell and Barbara Knapp Campbell, 
University of Notre Dame 

Acyl ureas, R-CO-NH-CO-NH<>, have usually been made by one of 
two general methods. In the first of these urea is treated with an acid 
chloride or anhydride, usually at a high temperature. This method is 
generally successful, but not infrequently gives poor yields, especially 
with derivatives of unsaturated acids (1). The second method consists 
of condensing urea with an ester in the presence of sodium ethylate. 
This method has been widely used in the preparation of barbiturates 
from substituted malonic esters; it can also be used with esters of 
monobasic acids (2). 

A third method which should be applicable to the synthesis of both 
acyl and alkyl derivatives of urea appears to have been little studied. 
This is the treatment of an alkali salt of urea with a halide or an ester: 

NH 2 CONHM + RX NH 2 CO-NHR + MX 
NHaCO-NHM + RCOaR' NH.CO-NH-COR + R'OM 

This reaction was investigated to some extent by Jacobson (3) who 
used sodium urea. He found that mono-sodium urea reacted readily, 
in liquid ammonia solution, with compounds containing an active halogen 
atom, such as benzyl chloride and benzoyl chloride, but that no reaction 
occurred with simple alkyl halides such as butyl iodide and butyl 
chloride. He also found that monosodium urea reacted, in the presence 
of acetone, with esters of monobasic acids, to yield monoacyl derivatives, 
and with esters of dibasic acids, such as glutaric and pimelic, to yield 
what appeared to be diacyl derivatives. Jacobson only made a few 
monoacyl ureas in this way, and he did not use esters of unsaturated 
acids. He was unable to prepare disodium urea from a liquid ammonia 
solution of urea and metallic sodium. 

* The present work was undertaken to extend the study to the lithium 
derivatives of urea, in the hope that the reaction would go more smoothly 
and have a wider application. In the course of the work, the reactions 
of sodium urea were also investigated further. 

Both mono-lithium and mono-sodium urea can be prepared in good 
yield by adding one equivalent of the metal to a liquid ammonia solution 
of urea. The salts can be isolated by allowing the liquid ammonia solu¬ 
tions to evaporate to dryness under anhydrous conditions. The salts 
so obtained are greyish white powders which are stable for months, in 
the absence of moisture. 

Monolithium urea reacts readily, in general, with esters of mono¬ 
basic acids. The reaction is best carried out by the procedure of Jacob¬ 
son, using acetone as a solvent. Esters of aliphatic acids react slowly 
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with lithium urea under these conditions, and the reaction mixture must 
stand for several hours in order to get an appreciable yield of the acyl 
urea. Esters of aromatic acids, and of substituted aliphatic acids, such 
as chloroacetic, acetoacetic and malonic, react rapidly, and in some cases 
almost violently. Methyl esters seem to give better yields than ethyl, 
although this point was not investigated in detail. As will be seen 
from Table I, the yields vary considerably; although the methyl chloro- 
acetate and methyl acetoacetate reacted rapidly with lithium urea, no 
crystalline product could be isolated. 


Table I.—Acyl Ureas from Alkali Ureas. 




Yield of 

M.p. of Acyl 

Speed of 

Compound used 

Urea used 

Acyl Urea 

Urea 

Reaction 

Et butyrate 

Li 

34% 

165-167 

slow 

Me butyrate 

Li 

40 

165-167 

« 

Me stearate 

Li 

60 

174-175 

a 

Me benzoate 

Li 

42 

213-215 

rapid 

Et benzoate 

Na 

25 

212 

it 

Me salicylate 

Li 

50 

187-188 

a 

Me caproate 

Li 

10 

183-184 

slow 

Me oleate 

Li 

50 

160 

it 

Me phenylacetate 

Li 

10 

213-215 

u 

Me chloroacetate 

Li 

none 


rapid 

Me cinnamate 

Li 

40 

205-207 

slow 

Me crotonate 

Li 

13 

225-227 

rapid 

Et acetoacetate 

Li 

none 


u 

Et acetoacetate 

Na 

10 

112-114 

tt 

Et phthalate 

Li 

15 

227-229 

very slow 

Me succinate 

Li 

20 

245-255 

slow 

Me adipate 

Li 

25 

255-265 

it 

Et malonate 

Li 

low 

210 

rapid 

Et malonate 

Na 

low 

211 

u 

Benzyl chloride 

Li 

low 

147-148 


Benzyl chloride 

Na 

low 

147-148 


Benzoyl chloride 

Li 

none 



’ Benzoyl chloride 

Na 

none 



Benzenesulfonylchloride Li 

low 

173-173 


Benzenesulfonylchloride Na 

none 

t 



With esters of dibasic acids, mixtures of mono and diacyl deriva¬ 
tives were obtained, regardless of the proportions of reactants used, 
except in the case of malonic ester where barbituric acid was the only 
product isolated. 

Although Jacobson showed that sodium urea reacted with benzoyl 
chloride in liquid ammonia solution, we were unable to obtain any appre¬ 
ciable reaction of either lithium or sodium urea with acid halides or 
benzyl chloride in benzene solution, even after prolonged boiling. A 
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small amount of product was obtained under these conditions with 
benzenesulfonyl chloride, but the reaction does not seem to have any 
preparative value. 


Experimental 

Mono-lithium urea. One-half mole of lithium (3.5 g.), cut in small 
pieces was added slowly to a solution of one-half mole of urea (30 g.), 
dissolved in 500 cc. of liquid ammonia. The solution acquired a dark 
blue color as the lithium was added, and this gradually disappeared as 
the metal was used up. Occasionally, when the reaction proceeded too 
slowly, a small crystal of ferric nitrate was added as a catalyst. When 
all the lithium had been added the mixture was stirred for thirty min¬ 
utes, and was then allowed to stand overnight to evaporate the ammonia. 
The residual solid was then heated, under anhydrous conditions, over a 
water-bath to drive off any remaining ammonia vapor. It was stored in 
a vacuum desiccator over calcium chloride. The greyish-white powder 
so obtained melted at 179-182° C. 

Analysis: Calculated for CBUNaOLi, Li, 10.6%. 

Found, Li, 10.3%. 

Sodium urea was made by the same process, and was found to melt rather 
indefinitely at 150-155° C. 

Reaction with esters of monobasic acids. These were all carried out 
in the same general way. Ten grams (0.15 moles) of lithium urea was 
treated with 0.3 moles of the ester and 19 cc. of dry acetone. The mix¬ 
ture frequently became warm at this stage, and gradually turned brown 
and pasty. It was allowed to stand overnight, and was then diluted 
with water and acidified with dilute hydrochloric acid. The precipitate 
was collected and recrystallized from 95% alcohol in most instances. 

Reaction with esters of dibasic acids. These reactions were carried 
out as described above, except that 0.15 moles of ester were used. In 
some cases the reactions were repeated using 0.075 moles of ester to 0.15 
moles of lithium urea, but this had no effect on the melting points of 
the products obtained. 

Reaction with halides. A mixture of 0.15 moles of alkali urea and 
0.3 moles of halide in 100 cc. of dry benzene was refluxed over a steam 
bath for several hours. The benzene was decanted, and the white solid 
was dissolved or suspended in water and the solution made faintly acid 
with dilute hydrochloric acid. The solid obtained from the aqueous 
solution was recrystallized. Usually, evaporation of the benzene yielded 
no solid product. 


Summary 

Monolithium urea has been prepared by the action of lithium on a 
liquid ammonia solution of urea. 

Lithium urea reacts with an excess of an ester of a monobasic 
acid, in the presence of acetone, to yield the corresponding monoacyl urea. 
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Lithium urea reacts with esters of dibasic acids to give, apparently, 
a mixture of the mono and diacyl ureas. 

Lithium urea does not react to an appreciable extent with com¬ 
pounds containing reactive halogen atoms, in benzene solution* 
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Equilibria in Solutions 

William H. Hamill, University of Notre Dame 

The voluminous careful vapor pressure data for binary solutions 
of Zawidski 1 led Dolezalek^ to seek a quantitative explanation of posi¬ 
tive and negative deviations from Raoult’s law in terms of depolymeriza¬ 
tion and compound formation. Relatively few applications of this pro¬ 
cedure have since been made.3 It appears to be impossible to apply such 
calculations to all systems involving deviations from Raoult’s law,4 but 
there are other systems where the consistency of the results seems to 
justify the procedure.^ The possibility of obtaining equilibrium con¬ 
stants for any system, over a range of composition, might be accepted 
as a sufficient a posteriori criterion of the applicability of Dolezalek’s 
hypotheses. Or, the procedure might equally well be accepted as arbi¬ 
trary, applicable only to some systems. This has the advantage of 
bringing vapor pressure data into conformity with Raoult’s law with 
the aid of a single constant which is deducible from the data. Regard¬ 
less of the point of view, the procedure remains the same. 

The solubility of sulfur dioxide in acetone and in methyl acetate# 
conforms neither to Raoult’s law nor to Henry’s law. These two sys¬ 
tems show large negative deviations from Raoult’s law and will be 
treated here as though a one-to-one compound exists in each case and as 
though this compound formation were entirely responsible for the 
observed deviations. Symbols used below are defined as follows: 

n', n' = experimental mol number of solvent and solute 

m, n s = equilibrium mol numbers of solvent and compound 
pp® p, p a sss vapor pressure of solvent, solute, solution and partial 

vapor pressure of solute 
K = na/mpa = equilibrium constant 

For convenience in the computations the basis n' + n' = 1 is chosen. 

From the application of Raoult’s law and the equilibrium relation above 
it follows that 

n» = (—b =b [b a — 4ac]^)/2a, 
where b = p“ + 2p“ + <p“ — p“)n; — 2p, 

a = p — p° — p", 

c = Pj — P + n.;(P« —Pj). 

i Zawidski, Z. physik. Chem., »5, 129 (1900). 

»Dolezalek, Z. physik. Chem., 64, 727 (1908). 

*Bein, Z. physik. Chem., 66, 257 (1908), Hildebrand, Trans. Am. Electrochem. 
Soc., 22, 319 (1912), Sameshima, J. Amer. Chem. Soc., 40, 1482 (,1918). 

4 Schmidt, Z. physik. Chem. oo, 71 (1921). 

5 Sameshima, loc. cit. 

°Horiuti, Sci. Papers Inst. Phys. Chem. Research (Tokyo), IT, 125 (1931). 


165 



166 


Indiana Academy of Science 


Also ps = p — p°(l — n' — nA / (1 — n»), 
m = n' — n 3 . 

For the usual binary liquid system the experimental vapor pressures 
may be used with sufficient reliability for the purpose. In the present 
instance, however, since gas pressures as high as four atmospheres are 
involved, it becomes necessary to employ the fugacity of the solute 
throughout. The following simple device of Lewis and Randall? was 
adopted: 

f/p = p/pi. 

The computed results are tabulated. It is apparent that the equi¬ 
librium constants are sufficiently consistent to justify the procedure 
adopted. The treatment of the system sulfur dioxide-acetone must be 
regarded as strictly empirical since Sameshima s reports self-consistent 
evidence for the trimerisation of acetone in the liquid state. It is appar¬ 
ent, therefore, that since the method adopted here is sufficiently flexible 
to handle such a system, caution must be exercised in forming any con¬ 
clusions from the constancy of the equilibrium constants. 

Summary 

The solubility of sulfur dioxide in acetone and in methyl acetate at 
25° can be brought into conformity with Raoult’s law if the systems be 
treated as though compound formation occurred between solvent and 


solute. 






Table I.- 

—Sulfur dioxide-Methyl acetate. 


n' 

2 

Pmm 

n 3 

Ps 

(10) W K 

0.000 

213.4 

0.000 



0.143 

324.4 

0.093 

143.0 

852 

0.254 

456.7 

0.156 

298.8 

882 

0.336 

602.5 

0.190 

467.2 

858 

0.406 

754.4 

0.214 

633.5 

890 

0.456 

894.3 

0.223 

780.0 

889 

0.497 

1038.5 

0.219 

924.5 

834 

1.000 

2902 

0.000 

2902 

... 


Table 

II.—Sulfur dioxide-Acetone. 


n' 

s 

Pmm 

n 3 

P* 

(10)®K 

0.000 

229.2 

0.000 



0.160 

310.9 

0.118 

122.8 

133 

0.294 

451.6 

0.201 

303.4 

131 

0.372 

576.6 

0.240 

452.0 

137 

0.445 

740.1 

0.265 

634.3 

144 

0.483 

856.3 

0.269 

756.6 

143 

0.519 

994.3 

0.266 

896.0 

138 

1.000 

2902 

0.000 

2902 

138 


7 Lewis and Randall, Thermodynamics, 63, (1925), New York. 

8 Sameshima, loc. cit. 



Relative Electronegativity. II. The Origin and Development 

of the Concept 

Ed. F. Degkring, Leslie Gillette, and Karl Schaap,, Purdue University 

The current interest in relative electronegativity and the application 
of this concept to organic chemistry, suggests the desirability of a brief 
consideration of the origin, growth, and attempted applications of the 
idea to the reactions of organic compounds. 

“When Banjamin Franklin encountered an electric shock by flying 
his kite in the summer of 1752 during a thunder storm, there was on the 
distant horizon a faint beam of understanding which portended the 
significance of this mysterious force. From that day to the present the 
beam has ‘ gradually but consistently broadened, yet scientists are 
appalled at their meagre understanding of the influence and effect of 
electricity on the composition and properties of matter. It is logically 
argued that matter is held together by electrical forces, but the exact 
behavior of those forces and their manifestations in the properties of 
compounds remain veiled with the black of mystery” (6). 

The manifestations of this electrical force were observed in organic 
reactions by Markovnikov seventy years ago, as a result of which he 
formulated a rule which has come to bear his name. An English trans¬ 
lation of his statement reads: “When an unsymmetrically constituted 
hydrocarbon combines with a halogen acid, the halogen of the. acid adds 
to the less hydrogenated carbon atom, that is, to the carbon atom which 
is under the influence of the other carbon atoms” (28). Subsequently, 
he broadened his rule by stating that in the addition of a halogen acid 
to “vinyl chloride, chloropropylene, and other analogs,” the halogen of 
the acid becomes bonded to the carbon atom that already supports a 
halogen atom. 

This rule was extended by Wagner and Saytzeff (42) to cover 
olefins of the general type: R-HC:CH-R', in which R' is the lighter of 
'the two radicals. In such cases, they stated, the halogen of the acid 
becomes attached to the carbon atom that is bonded to the lighter of the 
alkyl substituents. The work on styrene, however, by Schramm and 
others casts some doubt on this rule (16, 24, 34, 38, 39). 

About fifteen years later (1899) Michael generalized upon the reac¬ 
tions in chemistry by stating that: “Every system tends towards that 
state whereby the maximum chemical neuralization is reached” (30). 
Applied to addition reactions of the olefins, the electronegative atom or 
group of the addenda becomes attached to the more electopositive atom of 
the unsaturated molecule (29). In confirmation of this postulate, Michael 
carried out experiments to show that as the adding groups approach 
each other in relative electronegativity, increasing amounts of the re¬ 
verse addition product are formed. He studied, for example, the addition 
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of iodine chloride and of iodine bromide to propylene and reported the 
following (30): 

CHs-HCiCHa + I-Cl CH.-CHC1-CH.-I (3 parts) + CH.-CHLCH a -Cl (one 

part) and CH 8 -HC:CH 2 + Br-Cl _» CHrCHCl-CHa-Br (7 parts) + 

CHa-CHBr-CHrCl (5 parts). 

Flurscheim, in 1902, stated that “the introduction of a substituent 
may give rise to an effect which alternates through the whole chain of 
the atoms” (9). This seems to have been the beginning of the latent 
alternate polarity concept, which was later championed by such men as 
Biach (1), Cuy (5), and Lapworth (25). 

Ipatieff and Ogonowski (20), in 1903, from a study of the addition 
reactions of the olefins, postulated that the nature of the solvent and the 
temperature of the reaction, as well as the substituent groups, are factors 
in the directive addition to olefin bonds. His conclusions, since substan¬ 
tiated in part, suggest that there are factors which tend to intensify or 
mask the relative electronegativity of the particular groups concerned 
in the reaction. 

A theoretical consideration of the polarity question from a physico¬ 
chemical viewpoint, led Biach (1) in 1905 to cite fifty-four homologous 
series of organic compounds which may be characterized as showing a 
sawtooth effect for a number of their physical constants. This line of 
reasoning was later championed by Cuy (5), Ceder (4), and Biltz and 
Balz (2), 

During the next few years, Nelson, Beans, and Falk (31), and 
Stieglitz and Leech (37), ventured to employ the use of electronic 
formulas’for the representation of various organic compounds and the 
interpretation of their reactions. Fry (10), in 1914, made use of the 
alternate polarity concept in writing his formula for benzene. 

Four years later, Hanke and Koessler (14), reported studies on the 
reactions of ketene, which they cite as evidence for alternate polarity in 
this particular compound. They postulate three possible electronic 
structures for ketene, as: 

1. H+ -C= =0 II. H+ -C? ±ct =0 III, H+ -c* =0$ =0 

+ + + 

H H H 

They reason that formula I, on the addition of water, should yield 
acetic acid as the sole product, whereas formula II should yield both 
acetic acid and glycollic aldehyde, and formula III should yield glycollic 
aldehyde as the one and only product. In view of the fact that acetic 
acid is the only product obtained by the addition of water to ketene, they 
contend that formula I is the correct representation of the electronic 
structure of ketene and that the compound does possess alternate polarity. 
This was the most conclusive evidence, of a strictly chemical nature up 
to this time (1918), in support of the alternate polarity concept. It is 
confirmed, furthermore, by the fact that the only product obtained by 
the addition of water to carbon suboxide is malonic acid, which clearly 
indicates that the relative polarity of carbon suboxide must be repre¬ 
sented as O :+C”*“:—G—: + C+;—O. 
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In the following year, 1919, Harkins and King (15) drew attention 
to the fact that the relative polarity of ketene is much less than that 
of typical organic salts. 

In 1920, the physico-chemical viewpoint for alternate polarity pro¬ 
posed by Biach in 1905, was championed by Cuy (5). He predicted 
that “in a chain of carbon atoms the tendency is for these atoms to 
appear alternately positive and negative whenever possible”. If this 
be true, he reasoned, each homologous series is in reality made up of 
two such series,—the one containing an even number of carbon 
atoms and the other containing an odd number of carbon atoms in the 
chain. As proof for his postulates of alternate polarity and dual- 
homologous series, Cuy cited the saw-tooth rule as applied to melting 
points, heats of crystallization, heats of combustion, and molecular 
volumes of the aliphatic acids and other series. Verkade, Hartman, and 
Coops (41), Carothers (3), Garner and Randall (11), Garner and Ryder 
(12), Smyth (35), and Kharasch (21), and others (44), have shown, 
however, that the saw-tooth rule does not hold for the boiling points, 
the refractive indices, and other properties of these same series, and 
consign the alternate polarity concept to the realm of the highly im¬ 
probable. 

Reasoning from numerous observations on addition of positive and 
negative groups to alternate atoms in a chain, Lapworth proposed in 
1920 his theory of “alternate latent polarities” (25). According to this 
hypothesization, “the neighboring atoms are alternately negatively and 
positively polarized and this polarization is determined by what is 
termed key atoms” (25). The principal negative key atoms are oxygen, 
nitrogen, and halogens, whereas the hydrogen atoms act as slightly 
positive key atoms. These key atoms, by virtue of their relative electro¬ 
negativity, induce alternate polarity along the carbon chain. The addi¬ 
tion reactions of the carbonyl group, accordingly, lead to representation 
as *0**0, but this refers to the behavior of the group at the instant of 
reaction, and permanent polarization is not necessarily postulated. In 
cyanohydrin formation, the mechanism is assumed to be (25) : 

OH 0- +H 

I ¥ t T 

Z~ +5 + C± =N — Z“ +J+ “CJ =N 

Z Z 

The process is reversible and the equilibrium constants for a num¬ 
ber of cyanohydrins have been determined (25). If key atoms at the 
ends of a chain contribute to the same distribution, they are spoken of as 
acting homogeneously; otherwise as heterogeneously. 

At the time when many theories of the structure of matter were 
being developed, the physicists arrived at a theory expressing the 
valence forces in terms of electrons. In particular, G. N. Lewis (26), 
1923, showed that the nonionized links, with which the organic" chemists 
are mainly concerned, could be ascribed to the sharing of valence elec¬ 
trons, two to each link, between the atoms. This theory was in itself 
somewhat in advance of the time, for the concept of shared electrons 
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has been hard to grasp, and we are now, over twenty years later, only 
beginning to realize its full meaning. By applying the Lewis concept to 
the Bohr structure of the atom, both theories are found to give satis¬ 
factory results. 

In the following year, 1924, Carothers (3) extended the Lewis 
postulate for the structure of the olefin bond to include two polar and 
one non-polar forms, as indicated by: 

z z z £ 

* 00 * * 00 * 

zjc$cjz * zscjtcjz 
* * 

in which the Z designation of one of the authors is intended to represent 
either a hydrogen atom or an alkyl group. 

Lucas and Jameson (27), in 1924, cited evidence to show that the 
addition of hydrogen halides to propylene, to acrylic acid, and to 
dimethyl allene, as well as the rearrangement of 1-bromobutane to 
2-bromobutane, can be explained as satisfactorily if not better by use of 
the electron displacement or “inductive effect” as by the alternate 
polarity concept. 

In the following year (1925) Ingold and collaborators (18) began a 
series of articles dealing with the alternate polarity concept in the 
aromatic series. Their work was based on the Flursheim (9) hypothesis 
that the introduction of a substituent may give rise to an effect which 
alternates through a whole chain of atoms. It was contended that there 
was either an alteration in the strength of the chemical affinity or in 
the electric charge, real or latent, on the atoms. The alternate effect 
induced by key atoms was reported on by Olivier and Berger (32) in 
1926 and by van Duin (40) in 1927. 

In 1927 Stewart (36) stated: “The greatest problem before organic 
chemists at the present day is the application of modern electronic 
views to the salient phenomena among the reactions of organic com¬ 
pounds. The peculiarities of benzene, the extraordinary variety of 
effects observed in the rupture of double bonds, and especially the in¬ 
fluence of conjugation, are examples of fields which seem to offer outlets 
for a considerable amount of speculation in connection with the G. N. 
Lewis theory.” 

Ceder (4), in 1927, and Biltz and Balz (2) in 1928, revived and 
supplemented the arguments of Biach (1) and Cuy (5) for the alternate 
polarity concept. 

The idea of relative electronegativity was used by Stieglitz in his 
instructional work. He employed “the direction of the addition of a 
halogen acid as the criterion for the determination of the relative elec¬ 
tronegativity of the two carbon atoms joined by a double bond” (43). 
The work was extended by Kharasch in the development of his series 
of relative electronegatives of some organic radicals, and this series, 
together with a survey of the field of relative electronegativity, was 
published by Kharasch and Reinmuth in 1931 (22). Subsequently 
Kharasch explained the peroxide effect in the directive addition of 


z z 

* o 0 * 

z$c$cjz 
* * 
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hydrogen bromide to an olefin bond as a consequence of the formation 
of atomic bromine (23). 

In the same year, 1931, Ingold and Smith (19, 17) began a series 
of articles dealing with directive addition to the olefin bond in which 
they investigated quantitatively the addition of hydrogen halides, iodine 
chloride, hypochlorous acid, and other reagents. Their work with iodine 
chloride on propylene checks rather closely with that of Michael some 
thirty-two years earlier. 

In 1932, Robinson (33) published an Outline of Electrochemical 
(Electronic) Theory of the Course of Organic Reactions, which was 
soon followed by the appearance of the Electronegativity Map (7) of 
Linus Pauling. 

The appearance of this map suggested to one of us a new approach 
to the assignment of relative electronegativity values, and the following 
empirical rule was formulated (8). 

By regarding the organic molecule as an electrostatic aristocracy 
in which all of the atoms determine the relative distribution of the elec- 
rons, it becomes possible to predict, by the proper assignment of elec¬ 
trostatic votes, the relative electronegativity of each constituent carbon 
atom and the composite effect of such a distribution of the electrons on the 
course of a reaction . 

At the present, as might be expected, the literature on relative 
electronegativity is confused by contradictory data, but it is hoped that 
time and painstaking research will bring system out of chaos and that 
with it will emerge a workable concept of relative electronegativity as 
applied to organic reactions. A good deal of progress has been made 
and further advances will be forthcoming, especially in the quantitative 
aspects of the subject (13). 
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Derivatives of Starch. 1. Historical Review of the Acetyl 
Derivatives of Starch 1 

Charles A. Burkhard and Ed. P. Degering, Purdue University 

Acetyl derivatives of starch were first prepared by Schutenberger 
(1, 14, 36, 53, 54) in 1865, at which time he noticed two types of deriva¬ 
tives. One is soluble in water, while the other is insoluble in water but 
soluble in alcohol and glacial acetic acid. He reported in 1869 that by 
using acetic anhydride as the acetylation agent and a temperature of 
140°C., an acetyl derivative of starch is formed, while at 160°C. a de¬ 
rivative of dextrin is formed (12, 35, 37). 

Michael (26) has shown by visual observation that the starch gran¬ 
ule is unaltered upon saponification after acetylation with acetic an¬ 
hydride, while the presence of even small quantities of acetic acid in 
the acetylation mixture gives some modification. The use of acetyl 
chloride was shown to give an acetylated dextrin. 

The use of sulfuric acid as a catalyst in the acetylation of car¬ 
bohydrates was first studied by Franchimont (11). 

Skraup (38) showed that low temperatures and low sulfuric acid 
concentration yield more complex products in the acetylation of starch 
than when high temperatures and high sulfuric acid concentrations are- 
used. He also prepared a chlorinated acetyl derivative of starch by 
treating starch with acetic anhydride saturated with hydrogen chloride 
(39). 

Syniewski (47) prepared an acetyl derivative by acetylating starch 
with acetyl chloride and barium carbonate. Pregl (29) acetylated sol¬ 
uble starch with acetic anhydride. 

Cross, et al. (8) prepared the lower acetyl derivatives of starch 
by healing starch in acetic acid at 100°C. Their work indicated that 
the extent of acetylation is proportional to the time of heating and the 
ratio of acetic acid to starch, 

Law (23) observed that starch did not react with the acetylation 
medium of Cross, Bevan, and Briggs, which consists of acetic anhydride, 
zinc chloride and glacial acetic acid. 

Traquair (49) obtained acetyl derivatives by heating starch in 
glacial acetic acid or acetic anhydride at 90°C. 

Boeseken, Berg, and Kerstjens (4) studied the catalytic effect of 
hydrogen chloride, hydrogen bromide, hydrogen iodide, sulfuric acid, 
zinc chloride, sodium acetate, and pyridine upon the acetylation of starch 
with acetic anhydride at 35°C. 

x An abstract from a thesis of Charles A. Burkhard submitted to the faculty 
of Purdue University in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, June, 1941. 
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The use of amines such as pyridine and quinoline for the prepara¬ 
tion of acetyl derivatives of starch has been investigated by Pringsheim 
and Lassman (30), Bergman and Knehe (3), Friese and Smith (13), 
Brigl and Schinle (5), Reich (31) and Reich and Damansky (32, 33). 

The use of the Twitchell reagent was investigated by Escales and 
Levy (10) as a possible catalyst in the acetylation of starch and was 
found to give very rapid acetylation. 

Peiser (27) treated dry starch with acetic anhydride in the cold 
and obtained an acetyl derivative, which when treated in toluene with 
phosphorus pentaehloride at 105°C. yielded a chlorinated acetyl de¬ 
rivative. 

Haworth, Hirst, and Webb (15) acetylated starch by use of the 
Barnett catalyst (2), sulfur dioxide and chlorine. The temperature of 
the reaction did not seem to affect the nature of the final product. 

Tsuzuki (50) acetylated starch by a method which he claims avoids 
partial depolymerization of the starch. Zinc chloride is used as the catalyst. 
He also acetylated starch in non-aqueous solutions, using glycerol, zinc 
chloride, and acetic anhydride (52). The use of sodium or potassium 
thiocyanates as catalysts was also studied and found to give an acetyl 
derivative (51). 

Clark and Gillespie (7) have studied the preparation of acetyl de¬ 
rivatives of starch using glacial acetic acid at the reflux temperature 
of the solution with or without sodium acetate as a catalyst. Sodium 
•acetate was found to give a slower reaction rate. 

Hughes, Macbeth, and Winzor (17) prepared acetyl derivatives in 
one day by pre-treating the starch with boiling water and then drying 
with ethanol. The acetylation is carried out with acetic anhydride and 
five per cent of sulfuric acid. 

Sutra (45) reacted starch with acetic anhydride at 70°C. and ob¬ 
tained maltose octaacetate. 

Damansky (9) showed that in an acetylation the sulfuric acid 
causes degradation of the starch into amylose and biose. Sutra (46) 
was able to show that both sulfuric and phosphoric acids cause degrada¬ 
tion of the starch molecule. 

Higginbotham and Richardson (16) showed that with pyridine very 
little degradation of the starch molecule results while with the Barnett 
catalyst (2), sulfur dioxide and chlorine, extensive degradation or modi¬ 
fication takes place. 

Acetyl derivatives can be prepared by treating alkali starch with 
acetic acid vapors (18), or by a prior treatment with a gas as ammonia, 
formaldehyde, pyridine or steam followed with acetic acid vapors (19). 
The use of sulfur dioxide as an acetylation medium or catalyst has 
been claimed (20, 21, 34). Lorand (24) claims the use of sulfuryl chloride, 
or magnesium perchlorate as catalysts in the esterification of starch. 
Starch can be esterified by a pre-treatment with acetic acid and water 
for one hour at 60° C. followed with glacial acetic acid and acetic an- 
hyride (6). Starch may be acetylated by heating with acetic acid at 
80°C. (48). 
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The use of these derivatives in coating compositions has been 
claimed. Livering and gelling are prevented by the addition of*a small 
amount of an acid, such as oxalic, phosphoric, tartaric, citric, malic, 
formic, or acetic (25). 

Staudinger et al. (41, 42, 43, 44) and Escales.„and Levy (10) have 
determined the viscosities of acetyl derivatives of starch solutions. 

Snelling and Boyd (40) proposed the use of a large excess of a 
concentrated solution of ammonium nitrate having a boiling point greater 
than 110°C. to produce acetyl derivatives of a lower viscosity. 

Darrer and Fiorone (22) calculated the heat of esterification of 
starch to starch triacetate as 1306.0 K. cal. Their experimental value 
for this esterification was 1296.5 K. cal. The heat of combustion of 
starch hexaacetate, [CaHTO^.OC.CHshL, is 4499 calories per gram. 

Experimental 

A series of acetyl derivatives of starch were prepared by refluxing 
25 grams of dried starch with a mixture of acetic acid and acetic an¬ 
hydride. Forty-five ml. of acetic anhydride is slightly more than suffi- 



Fig. 1. Acetyl derivatives of starch prepared at reflux temperature. No 
catalyst. 

cient to react with the moisture in the starch and the water of esterifica¬ 
tion. Two hundred ml. of glacial acetic acid was used. It is apparent 
that the acetic acid is in excess, so it can act both as a reagent and as 
a solvent for the ester. The product was recovered by precipitation 
into water and leached for 24 hours, after which it was filtered, washed 
and dried. The results appear in Table I and Figure 1. They show 
that the rate of acetylation is slow until an acetyl value of about four 
per cent is attained, then very rapid, and finally slow but uniform. 
The break in the esterification curve is accompanied by a clearing of 
the viscous solution. It was shown by further experimentation that a 
large excess of acetic anhydride is unnecessary to prepare these deriva¬ 
tives.' Lower reaction temperatures than that used were shown to 
give acetyl derivatives of a lower acetyl group content. 
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Table I.—Preparation 
Temperature of Solution. 

of Acetyl 

Derivatives of 

Starch at Reflux 


Time in 

Free 

Acetyl 

Yield 

No. 

Hours 

Acid 

Value 

(in grams) 

1 . 

2 

0.13% 

4.8% 

25.0 

2 . 

4 

0.10% 

34.5% 

33.8 

3. 

6 

0.02% 

37.7% 

33.2 

4. 

12 

0.01% 

38.4% 

35.0 

5 . 

18 

0.01% 

40.0% 

38.0 

6 . 

24 

0.01% 

40.8% 

42.5 

7 . 

40 

0.06% 

44.2% 

44.0 


Summary 

1. The rate of acetylation of starch under reflux with glacial 
acetic acid and a minimum of acetic anhydride is almost linear after 
an acetyl value of 36% has been obtained. The solutions of starch- 
acetic acid-acetic anhydride become clear when an acetyl value of ap¬ 
proximately 36% is attained. The rate of acetylation between 4 and 
35% acetyl value is extremely rapid compared to the other intervals. 
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GEOLOGY AND GEOGRAPHY 

Chairman: Robert Karpinski, Indiana State Teachers College 

Professor G. T. Wickwire, Hanover College, was elected chairman 
of the section for 1942. 


ABSTRACTS 

The origin of the Belton Fault Complex, Belton Area, Case County, 
Missouri. Joseph R. Clair, DePauw University.—This paper dealt 
with the description and origin of a complexly faulted area, a short 
distance south of Kansas City, Missouri. (Published with the permis¬ 
sion of Dr. H. A. Buehler, State Geologist, Missouri Geological Survey 
and Water Resources.) 

The areal distribution and agricultural significance of hail storms in 
Nebraska. G. David Koch, Indiana State Teachers College.—Data in 
the files of the United States Weather Bureau office at Lincoln, Nebraska, 
were used in obtaining partial answers to the following questions: (1) 
Are certain sections of the state of Nebraska particularly subject to 
hail? (2) How frequently may severe storms be expected? (3) Which 
months of the growing season are most subject to storms? (4) How 
much damage is caused by hail each year? (5) What is the average 
areal extent of individual hailstorms? The data covered the 17 year 
period from 1924-1940. A total of 989 storms were reported or an 
average of 58 per year. The evidence did not substantiate the conten¬ 
tion that hail falls more frequently in certain parts of the state. For 
the 17 year period 121 storms were reported in April, 209 in May, 274 
in June, 169 in July, 148 in August, and 68 in September. Reports indi¬ 
cate that the damage to farm crops exceeds one million dollars annually. 
Storms averaged 4.7 miles in width and 12 miles in length, while the 
largest on record traveled 92 miles and covered a width of 12 miles at 
the widest point. For the month of August the average area covered 
was 75 square miles, the largest average for any month. The smallest 
average was 36 square miles for the month of September. 
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Population Changes in Indiana 1840-1940 

Stephen S. Visher, Indiana University 

As the distribution of the population clearly reflects geographical 
influences, a discussion of the changes in the number of people in the 
several parts of the State during the past century affords a sort of 
summary of significant aspects of Indiana’s geography. 

1. Growth in Total Population 

The population of Indiana increased from 686,866 in 1840 to 3,427,796 
in 1940, which is almost exactly a five-fold increase. 

The number added each decade was greatest between 1850 and 
1860 (362,000), but was almost as great between 1830 and 1840 (342,838). 
After 1860, the increase declined' progressively until the decade ending 
in 1890, when it was 214,105. In the next half century, the decadel 
increases were as follows: 1890-1900, 324,105; 1900-1910, 184,414; 
1910-1920, 229,514; 1920-1930, 308,113; 1930-1940, 177,649. Thus be¬ 
tween 1930 and 1940, the increase was only about half as great as 
that of a century before. 

The rank of the State in population in 1840 was tenth, in 1850 
seventh. Indiana was exceeded by only five states in 1860, 1870, and 
1880, but since 1880 it has declined steadily until in 1940 eleven states 
were more populous. At the end of the century under consideration, 
Indiana’s rank among the states in population was lower than in 1840 
but was the same as in 1830. 

In population per average square mile, the density increased steadily 
from 19 in 1840 to 61 in 1890 and to 94.7 in 1940. 

It is of interest to divide the century under discussion into halves. 
The accompanying pair of maps show the population gains between 
1840 and 1890 and between 1890 and 1940. The figures in each county 
are the gains in thousands. These maps make conspicuous the areas 
of large gains, the darkly shaded counties. The counties which are 
unshaded gained fewer than 10,000 during the first half century, (Fig. 1), 
or else, in the second half century (Fig. 2), lost population. 

Figure 1 shows that between 1840 and 1890, Marion County gained 
125,000 people, Allen gained about half as many (61,000), Vanderburgh 
gained 53,000, Vigo, St. Joseph and Elkhart each gained about 35,000 
and seven counties gained slightly more than 25,000. Most of the 
larger gains were in the northeastern quarter of the State. Conversely, 
most of the* counties in the southeastern quarter gained fewer than 
10,000 people, eight counties less than 5,000, and Ohio County fewer 
than 500. The southwestern quarter of the State had an average gain 
of about 15,000 people per county in the half century, with no county 
gaining fewer than 10,000. 
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Between 1890 and 1940 (Fig. 2) about half of the counties lost 
population and most of the State’s gain occurred in a very few counties. 
Figure 2 shows that between 1890 and 1940 net population losses 
occurred in some of the counties in all sections of the State. Such 
counties (left blank) were most widespread in four sections: (1) the 
west-central part of the State, (2) the southeast, (3) six counties bor¬ 
dering the Ohio River together with four adjacent southern counties, and 
finally (4) six northeastern counties. 

2. Sources of the Population 

Indiana, as soon as it attained statehood (in 1816) attracted rela¬ 
tively many people from other states and countries. The population 
increased five-fold between the census of 1810 and 1820, and most of 
the increase of 122',658 people (from 24,520 to 147,178) was the result 
of people moving into the State. At the 1840 census about four-fifths 
(500,000) of the State’s population had been born outside of Indiana. 
Indiana has continued to attract people from other states and areas. 
In 1870, about 630,000 such people lived in the State. The number de¬ 
clined to about a half million in 1900 but then increased sharply until 
in 1910 there were 670,000 and in 1920 about 720,000 and in 1930 about 
800,000 people living in Indiana who were born elsewhere. The num- 



Figs. 1, 2. Population gains 1840-1890, 1890-1940. Figures in counties are 
the gains in thousands in the half-century. Counties left blank lost popu¬ 
lation. 
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ber declined to about 650,000 at the 1940 census, according to pre¬ 
liminary data. 

Natives of other states living in Indiana. At the census of 1850, In¬ 
diana contained many natives of States to the eastward, and also of 
Kentucky, North Carolina and Virginia. Ohio had supplied nearly 
150,000, or almost one-sixth of Indiana’s population. About a third 
of Indiana's population were born in five other states which had yielded 
from about 40,000 to 80,000 each. These states, in order of decreasing im¬ 
portance, were Kentucky, Pennsylvania, Virginia, North Carolina and 
New York. About a sixth of the State’s 1850 population was born in 
either the remaining states and territories or in foreign countries. About 
a third was born in Indiana itself. 

At the census of 1880, Ohio had supplied about 200,000 people 
then living in Indiana, but as Indiana’s population had approximately 
doubled between 1850 and 1880, Ohio’s percentage of the total in 1880 
was considerably less than in 1850. The representatives of Kentucky, 
Pennsylvania and New York in 1880 were approximately as many as 
in 1850. Virginia and North Carolina had far fewer representatives in 
Indiana in 1880 than in 1850, but Illinois and Michigan had become 
important sources. Illinois had as many representatives as Virginia, 
and Michigan as many as Maryland. 

At the 1910 census, Ohio and Kentucky each had about as many 
representatives in Indiana as in 1850, while Illinois had increased 
sharply until it had as many as Kentucky. Michigan has almost as 
many as Pennsylvania and more than the other state with numerous 
representatives, New York. The south had in 1910 scarcely any more 
representatives in Indiana than in 1880, but large gains were recorded 
from Missouri, Iowa, Kansas and Nebraska. 

In 1930, Illinois had many more representatives in Indiana than 
did Ohio, while Kentucky had even more than Illinois. Tennessee had 
supplanted Pennsylvania and equalled Michigan; Missouri had sup¬ 
planted New York. 

Foreign-born living in Indiana. A significant though lesser source 
of Indiana’s population have been certain foreign countries, especially 
Germany and the British Isles. There were about 25,000 Germans in 
Indiana in 1850, about 78,000 in 1870, about 85,000 in both 1890 and 
1910, and about 32,000 in 1930. Thus Germans made up about four 
per cent of the people of 1850, about 4.7 per cent in 1870, 3.9 per cent 
in 1890, 3.1 per cent in 1910, and 1,0 per cent in 1930. Ireland had 
about 15,000 representatives in 1850, about 30,000 in 1870, about 20,000 
in 1890, about 12,000 in 1910 and 4,000 in 1930. Britain had about 
10,000 in 1850, 13,000 in 1870 (and in 1920), 7,000 in 1890, and about 
10,000 in 1900, 1910 and 1930. German-speaking Swiss and Alsatians 
were numerically of some importance in Indiana’s early years; there 
were in 1870 about 11,000 of them, about one-thirteenth of the total 
foreign-born then. Natives of Poland became relatively numerous in 
Lake and Laporte counties in 1910, with about 10,000. In 1930 there 
were about 17,000. 
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From 1870 to 1930 there were at each census about 141,000 to 
150,000 foreign-born in Indiana, except in 1910, when there were about 
160,000. Foreign-born have, however, made up a decreasing percentage 
of Indiana’s population, declining from 8.5 per cent in 1870 (the first 
census for which these data were found) to half that figure in 1930 
(4.2 per cent), and to still less in 1940. 

In 1890, Indiana had about 189,000 people who were either foreign- 
born or had at least one parent who was foreign-born. This was approxi¬ 
mately one-fifth of the population. In 1930 the number of such people 
in Indiana had more than doubled (reaching 518,000) but nevertheless 
they then made up only slightly more than one-seventh of the total 
population. (In 1930 4.2 per cent of the population was foreign-born, 
7.0 per cent were native-born of foreign-born parents, and 4.6 per cent 
had one foreign-born parent.) 

People born in Indiana. Despite the relatively large number of peo¬ 
ple moving into Indiana about a century ago, a considerable share of 
the increase of population even then was due to local births. This was 
a result of the early marriages, high birth-rate and good survival rate 
which prevailed in the earlier decades of the period. Nearly half of 
the increase between 1840 and 1850 was due to births in Indiana. (In 
1840 only about one-fifth or 130,000 of the State’s population were 
natives of Indiana; at 1850, about one-third (326,000) were.) Between 
1850 and 1880 the State’s population increased almost a million, of 
which about two-thirds were due to births in Indiana. Between 1880 
and 1910, the State’s population increased about 720,000, of which in¬ 
crease about four-fifths were Hoosiers. In 1890, 1910 and 1930 
about three-fourths of the people living in Indiana were born here, 
but for the decade 1920-1930, about nine-tenths of the increase in popu¬ 
lation was due to local births. 

Hence, although in 1940 Indiana had nearly as many people who 
were born in other states than at any early census, and only about 
fifteen per cent fewer foreign-born than at any previous time, an over¬ 
whelming percentage of the State’s younger people are now Hoosiers* 

3. Spread of the Population 

In 1840 more than four-fifths of the people of Indiana were in the 
southern half of the State. A belt of counties at the southeast (from 
Wayne and Henry to Floyd) already had an average of more than 45 
people per square mile. That density implies that there was an average 
of one family for each hundred acres. Most of the rest of the southern 
half of the State had an average of 18 to 45 people per square mile. 
The chief exception to this density was the relatively rugged belt which 
extends from Owen County south to Crawford and Spencer counties on 
the Ohio River. That belt had from 6 to 18 people per square mile. 
The northern third of the State in 1840, however, had no county with 
more than 18 people per square mile, and had two sizable areas with 
only two to six, and two others with an average of fewer than two 
people per square mile. These sparsely peopled areas were in the south- 
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central and northwestern parts of the northern third of the State. Their 
centers were Howard and Jasper counties which were especially wet. 
Nearly all of the settlers of the northern third of the State had come 
in since 1830, when only a small area had as many as two people per 
square mile. 

By 1860 the area having fewer than six people per square mile had 
disappeared from Indiana, while the area having more than 45 had 
doubled. It included several counties near Lake Michigan as well as 
several west of Indianapolis, extending as far as Lafayette. Most of the 
northern half of the State and the southwestern fourth in 1860 had 
18 to 45 people per square mile. 

By 1880 about three-fourths of the State had 45 to $0 people per 
square mile and about one-fourth had 18 to 45. This lesser density 
prevailed in much of the northwestern fifth of the state and in the 
relatively rugged south-central region. 

By 1900 .the southern area, having only 18 to 45 per square mile, 
had expanded greatly, including many counties which previously had 
had 45 to 90 people per square mile. This declining belt extended 
eastward into Ohio just north of Cincinnati. The northwestern area 
of 18 to 45 people had shrunk, however, since the counties adjacent to 
Lake Michigan all had averages of 45 to 90 per square mile in 1900. 
That density prevailed throughout the eastern half of the State north 
of the small southeastern area having 18 to 45. Moreover, in 1900, 
a dozen counties with sizable cities had average densities of more than 
90 per square mile. (Marion County first attained that density in 
1860, Vanderburgh and Floyd in 1870, Vigo and Wayne in 1880, Allen 
and St. Joseph in 1890 and Elkhart, Grant, Madison, Delaware and 
Howard in 1900.) 

According to the 1920 census, the southern area having only 18 
to 45 people per square mile had expanded and extended almost across 
the State. The northwestern area of similar density likewise had ex¬ 
panded toward the south and east, and, moreover, three northeastern 
counties had declined into this density. On the other hand, the number 
of counties having a density of more than 90 per square mile had in¬ 
creased. (Lake County came into this density class in 1910, Cass, Ver¬ 
million and Knox counties in 1920.) 

As the Census Bureau shades indentically all counties having densi¬ 
ties of more than 90 per square mile, three maps have been prepared 
partly to distinguish between the densities of the more populous areas. 
Figures 3-5 show the densities for 1900, 1920 and 1940. In 1900, six 
northwestern counties and Brown County had fewer than 35 people per 
square mile, more than half of the State's counties had from 35 to 74 
per square mile, six counties had from 125-249, and two had from 250- 
497. By 1940 the number of counties in the southern half of the State 
having fewer than 35 per square mile had increased from one to four 
and the number of the State's counties having more than 250 per square 
mile had increased from two to seven. Three of these had more than 
500 per square mile. (Marion County had 497 in 1900, 877 in 1920, 
1147 in 1940.) 




Fig’s. 3, 4. Population Density 1900, 1920; number per average square 
mile. 



Figs. 5, 6. Population Density 1940; Date of maximum population, 
(Census). 
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The census maps (not reproduced here)* briefly described, and 
Figures 3-5 together with Figures 1, 2, 6 and 7, reveal five great ten¬ 
dencies as to population spread in Indiana: 

1. The population spread westward, northward, and northwestward 
chiefly from the southeast section of the State. 

2. Not only has the population during the past century become 
much greater in northern than in southern Indiana, reversing the situa¬ 
tion which prevailed in 1840, but a striking change between the south¬ 
eastern and northwestern corners of the State has developed. In the 
former, the part of the State which was first settled, a decline has set 
in, while at the northwest, constantly higher population densities are 
still being attained. In 1840 nine southeastern counties contained 
nearly one-sixth of the State’s population. The most populous of them, 
Dearborn, contained twenty per cent more people than did Marion County. 
In 1940, however, two of these nine counties contained fewer people 
than a century before, and the entire group contained only one-twentieth 
of the State’s population. By contrast, the northwestern tenth of the 
State, practically without people in 1840, contained in 1940 consider¬ 
ably more than one-sixth of the State’s total. 

3. Almost the entire State became moderately densely peopled by 
1880 with a rural population averaging a family per each eighty or 
hundred acres. The chief exception was in the northwestern one-eighth 
of the State, where extensive sandy or marshy areas discouraged agri¬ 
culture. 

4. In counties having sizable cities, the growth of their cities has 
greatly increased the average density of population. Such counties 
have continued to increase in density. 

5. Most counties without sizable cities stopped increasing in popu¬ 
lation before 1940. 

Changes of distribution of the foreign-born. Another special phase 
of the peopling of the State are changes in the regions having many 
foreign-born. In 1840, the foreign-born were largely confined to counties 
bordering the Ohio or near Cincinnati. In 1870 the foreign-born com¬ 
prised more than ten per cent of the population in a dozen counties near 
the Ohio River and in nine counties in the northern half of the State 
but not including Lake County (Fig. 8).2 

By 1900 (Fig. 9) only Allen and the counties bordering or near 
Lake Michigan had as much as ten per cent foreign-born population. 

By 1930 (Fig. 10) most of the State’s counties had less than four 
per cent foreign-born population, and only five counties had from 10 
to 19 per cent. But only two of these five bordered Lake Michigan. 


i These maps are reproduced in S. S. Visher: Economic Geography of 
Indiana, New York, 1923, and in Paulin: Historical Atlas of the United 
States, New York, 1932 and in the Statistical Atlas of the United States, 
Washington, D. C., 1903, 1914, 1924. | 

8 A map showing the distribution of the Irish in 1870, together with 
seven maps showing the county distribution of persons born in Ohio, Ken¬ 
tucky, Pennsylvania, New York, New England, Virginia and Indiana is 
given in S. S. Visher, Distribution of the birthplaces of Indianians in 1870: 
Indiana Mag. of History 26:126-142, 1930. 



Fig*. 7. Population losses 1890-1940. Figures in counties are losses in 
hundreds in the half-century. Counties left blank gained. 

Fig. 8. Foreign-born population distribution in 1870, percentage of 
total population. 



Figs. 9, 10. Foreign-born population distribution in 1900, 1930. Per¬ 
centage the foreign-born made of the total population of each county. 
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Thus of foreign-born, as of the total population, there was a north¬ 
westward shift in their relative importance as well as in absolute numl 
bers, But, in recent years, the foreign-born have made up a notably 
smaller percentage of the total population in all parts of the State, 
including the northwest; indeed the decline there is exceptionally large. 

Spread of Hoosiers into other regions. From the time immediately 
after the first extensive settlement of Indiana, considerable numbers 
of people born here have migrated to other areas. The 1850 census 
reports that about 25,000 native Hoosiers were living in Illinois, about 
20,000 in Iowa, and 5,000 to 10,000 in Missouri, Ohio and Kentucky. 
Lesser numbers were found in several other states, about 1,000 in Cali¬ 
fornia, presumably largely attracted by the Gold Rush of 1849. By 
1870, 322,000 Hoosiers lived elsewhere in the United States, of whom 
87,000 were in Illinois, 64,000 in Iowa, 51,000 in Missouri, 31,000 in 
Kansas, 17,000 in Ohio, 12,000 each in Michigan and Kentucky, and 
6,000 to 7,400 in Wisconsin, Minnesota and Nebraska. The remaining 
states and territories contained a total of 32,000 Hoosiers. 

At the 1880 census the number of Hoosiers living in other states 
equalled the' number of natives of other States who lived in Indiana. 
At the 1900 census, 650,000 Hoosiers lived in other states. This was 
about a third as many as lived in Indiana itself. In 1910 about 800,000 
Hoosiers lived in other states; in 1920, 850,000; in 1930, 906,000. 

At the 1910 census Illinois had more than 150,000 Hoosiers, while 
Ohio, Kansas and Missouri each had about half as many, and Michigan, 
Oklahoma, Iowa and California each had about 50,000.* 

At the 1930 census, although the States that had many Hoosiers in 
1910 continued to have relatively many, five states to the east of In¬ 
diana’s central longitude gained conspicuously. These were Ohio, Michi- 
igan, Florida, New York and Pennsylvania. The West except Cali¬ 
fornia, had not attracted any considerable numbers, nor had the South, 
except Florida. A conspicuous decline had occurred in the number of 
Hoosiers in the Prairie and Great Plains States. Michigan and Ohio 
each had attracted almost as many Hoosiers as California, and Illinois 
had about ,10,000 more than in 1910, while Greater New York City had 
about 20,000 more. 

Thus, excepting California, Florida and New York, most of those 
who left Indiana went to relatively nearby states. In the earlier years 
most of them went westward; in recent years, the westward movement, 
except to California and Illinois, has largely stopped. Instead, a strong 
eastward movement has developed, in response to the greater appeal of 
urban opportunities. 

4. Localization of the Population: Growth of Cities 

In 1840 the largest city in Indiana was New Albany, with 4,226 
people. Indianapolis had 2,692, Richmond 2,070, and Crawfordsville 
1,327. In 1850 the largest urban center in the State was New Albany 
(8,181 plus 2,122 in Jeffersonville). The second was Madison (9,007); 
the third was Indianapolis (8,091). Next in order were Lafayette 
(6,129), Ft. Wayne (4,282), Terre Haute (4,051), Evansville (3,235), 
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South Bend-Mishawaka (3,064), Logansport (2,331), and Vincennes 
(2,070). 

In 1840 only 1.6 per cent of Indiana’s population lived in cities 
having 2,600 or more. The percentage in 1860 was 4.5; in 1860 it was 
8.6; in 1870, 14.7; in 1880, 19.5; in 1890, 26.9; in 1900, 34.3; in 1910, 
42.4; in 1920, 50.6; in 1930, 55.5; in 1940, 55.1. (If the suburbanites 
are included, as they may properly be, more than 60 per cent of In¬ 
diana’s population is now urban.) 

Between 1840 and 1940 the percentage of the State’s population 
living in cities increased about forty fold; the number of such people 
increased 176 fold. 

This great increase in the share of Indiana’s population which lives 
in cities has been very unequally distributed over the State. Several 
of the largest cities of 1840 or 1850 have grown only slightly if at all, 
while numerous cities founded long after 1850 have become large. The 
map of the gains in population 1890-1940 (Fig. 2) shows clearly the 
location of the cities which have gained greatly and the amount of gain 
that their county had during the half-century. Marion County, be¬ 
cause of the growth of Indianapolis, gained more people between 1890 
and 1940 than did 85 other counties combined; similarly Lake County, 
chiefly because of Gary, East Chicago and Hammond, gained more than 
the combined gain of 83 counties. 

The growth of Indiana’s cities has been largely due to the migra¬ 
tion thereto of people born elsewhere. Figure 11 shows the net gains 
due to migration between 1910 and 1930, and Figure 12 shows net 
migration of farm population between 1930 and 1935. Figure 11 shows 
that during 1910-1930* Indianapolis received 328,000 migrants, Lake 
County 164,000, St. Joseph County 42,000 and Allen 34,000. On the 
other hand, most counties (all those shaded) lost by .migration appre¬ 
ciable fractions of their populations. Greene and Sullivan counties each 
lost 14,000 people who migrated away between 1910 and 1930. Adams, 
Brown, Clay, Daviess, Jay, Kosciusko, Noble, Parke and Wells each 
lost 11,000 or 12,000. 

Figure 12, based on a special federal study of th,e agricultural 
census of 1935, gives the migration of persons who were living on farms 
in 1930 but were reported as living in cities in 1935. Most of the 
counties of Indiana lost heavily of their farm population in that half¬ 
decade. Presumably, however, fewer farm people went to cities in that 
half-decade than in the preceding one. (Between 1930 and 1936 there 
was much unemployment in cities.) According to Figure 12, only five 
counties experienced between 1930 and 1935 a moderate net increase 
in farm population (2.5 to 12,4 per cent). These exceptional counties 
were St. Joseph, Vermillion, Parke, Brown and Orange, 

Number of cities. In 1840 there were only three places having 
2,500 people or more in Indiana, and they had a combined population 
of only 10,716. The number of such cities approximately doubled during 
each decade from 1840 to 1870 when there were 32, with a combined 
population of 247,657, or about twenty-four times as many urban people 
as there were thirty -years before. In the next twenty years (by 
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1890) the number of cities had again approximately doubled, as did 
the urban population. Thus between 1870 and 1890 the increases in 
number and size of cities were at approximately the same rate. During 
the half century 1890-1940, however, the number of cities increased 
only about fifty per cent, from 63 to 99, while the urban population in¬ 
creased more than three-fold, from about 590,000 to about 1,888,000. 

The number of cities of the various sizes at various dates is of 
some interest. In 1840 Indiana had no city of 10,000; in 1860 it had 
two, the largest (Indianapolis) having 18,611 people. In 1870, Indian¬ 
apolis reached 48,000, Evansville reached 21,830 and Terre Haute and 
Ft. Wayne each had about 17,000. No other city, however, then had 
as many as 10,000 people. In 1880, Indianapolis reached 75,000 and 
three others exceeded 25,000, while five passed 10,000. In 1890 Indian¬ 
apolis reached 105,000, Evansville 50,700, Ft. Wayne 35,000, Terre Haute 
30,000, South Bend 21,800 and New Albany 21,000. Eight other cities 
then had between 10,000 and 20,000 people. Thus in 1890 the fourteen 



Fig. 11. Migration gains and losses, 1010-1930, thousands of people per 
county moving out or in. All the shaded counties lost population Ly 
migration between 1910 and 1930. (Migration changes are those which are 
greater than those due to births and deaths in each county.) (Original 
data compiled by Thornthwaite.) 

Fig. 12. Migration from and to farms between 1930 and 1935 of people 
who were living on farms in 1930. White counties had a.large movement 
away (12,5 per cent or more of 1930 farm population). X-.arge checks rep¬ 
resent moderate movement away (2.5-12.4%); Darkest counties received a 
moderate movement (2.5-12.4%). (After National Resources Committee, 
1938.) 
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largest cities had a combined population smaller than one city alone 
had a half-century later, in 1940. 

In 1900, 1920 and 1940 Indiana had the number of cities of the 
several size classes indicated in parentheses following the sizes: Cities 
of 100,000 or more (1,1,4); of 50,000-100,000 (1,5,5); of 20,000-50,000 
(6,11,12); of 10,000-20,000 (11,14,15) ; of 5,000-10,000 (17,23,32); of 
2,500-5,000 (38,35,31). 

Although in recent decades the Census Bureau has used 2,500 as 
the lower limit of urban, classing all smaller places as towns, never¬ 
theless when places having more than 2,500 people are remote, some 
smaller places assume many functions of cities. Hence the number of 
places not officially called cities is of interest in a study of Indiana’s 
cities. 

Indiana had in 1940, 440 places with fewer than 2,500 people. This 
is about forty per cent more than there were in 1870, when there were 
316. Of the 440 towns of 1940, 249 had populations of 500 to 2,499 
and 191 were smaller than 500 people. There were 175 towns having 
100 to 500 people; 143 having 500 to 1,000, 78 having 1,000 to 2,000 
and 28 having 2,000 to 2,499. In 1940 there were 106 towns having 
1,000 to 2,500 people in contrast with 100 such towns in 1920 and 56 
in 1870. In 1940 there were 318 towns having 100 to 1,000 people 
whereas in 1870 there were 218 such towns. In 1940 there were only 
16 incorporated places having fewer than 100 people; in 1870 there 
had been 42. 

Changes in the distribution of cities. Many villages and several 
small towns have disappeared during the century under discussion, and 
a few cities have lost their identity by merging with a larger one ad¬ 
jacent. The chief changes in the distribution of the cities, however, have 
been changes in their relative size. In the earlier years of the century, 
the largest cities were on the Ohio River, then the chief highway for 
heavy traffic. New Albany, Madison and Evansville were successively 
either the largest or second largest city in the State. New Albany 
lost first place to Indianapolis between 1850 and 1860, and Evansville 
lost second place to Ft. Wayne between 1910 and 1920, It fell to fourth 
place by 1930 and to fifth place by 1940, when three of the four cities 
having 100,000 people were found in the northern fourth of the State; 
the other was the centrally located Indianapolis. Terre Haute, another 
city in the southern half of the state, on the Wabash River, was ex¬ 
ceeded by only three cities in 1880, and than had almost as many people 
as the third city (Ft. Wayne). By 1920, however, it had declined to 
fifth place and in 1940 to seventh place. Similarly, Vincennes, the oldest 
town in the State, ranked among the largest during the earlier decades 
of the century under discussion but fell to nineteenth place in 1920 
and to twenty-first place in 1940. 

Gonversely, although the northern fourth of Indiana did not contain 
one of the State's largest four cities until after 1860, and included only 
a small fraction of the State’s urban population until after 1900, it 
contained in 1940 three of the four largest cities and half of those 
having 50,000-100,000 people. 
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In addition to the notable increase and growth of cities in the 
northern fourth of the State as compared with those in the southern 
fourth, another significant change in the distribution of cities is the 
notable increase in the number of sizable cities in the east-central section. 
Until the discovery of gas and oil in that section shortly before 1890, 
its cities were small. Between 1890 and 1920, however, five cities grew 
relatively rapidly, attaining populations Of 22,000 to 36,500 people. In 
1940 that section of the State had five cities with 20,000-49,000 people 
and included about an eighth of the State’s urban population. About 
a fourth of the urban population was then in Indianapolis, nearly a 
fourth in Lake County (part of Greater Chicago) and about a sixth 
in the other cities on the main railways between Chicago and the East, 
chief of which are Ft. Wayne and South Bend. Thus the southern 
third of the State, which had in 1840 two-thirds of the State’s urban 
population had a century later less than one-eighth. 

5. Some Recent Changes and Some Apparent Trends 

Between 1930 and 1940 nineteen Indiana counties lost population. 
With the exception of DeKalb County, they are located in southern or 
central Indiana, The four counties which lost most are Vermillion 
(1,475), Sullivan (1,350), Clay (1,312), and Miami (1,222). The first 
three of these are prominent coal-mining counties. Several other coal¬ 
mining counties also lost population or gained but little. The newer 
strip mines employ few men, and the increased use of machinery in 
the older shaft mines also sharply reduced the labor requirement. Like¬ 
wise, fewer miners now have as large families as formerly. 

Except counties at the extreme north and south, most of the western 
three tiers of counties lost population or made only small gains. The 
exceptions are associated with, at the south, the recent petroleum dis¬ 
coveries, and, at the north, with the industrialization in Greater Chicago. 

The three eastern tiers of counties include six which made large 
gains between 1930 and 1940, three which lost, several which gained 
only a few hundred, and several which gained only 1,000 to 4,000. The 
only southeastern county to gain appreciably was Dearborn (1,567), 
which increased almost as much as the nearby city of Cincinnati (1,692). 

The three counties which gained most in population between 1930 
and 1940 were Marion (34,003), Lake (26,973) and Vanderburgh 
(17,289). Together they gained nearly half the total gain for the State 
(177,649). Counties with gains of 8,090 to 4,200 were Allen, Delaware, 
Madison, Henry, Porter, Grant and Wayne. Except for Vanderburgh, 
all the counties which gained as much as 4,000 people in the decade 
are situated in central or northern Indiana. 

Fifty-four of Indiana’s ninety-two counties gained fewer than 1,000 
people between 1930 and 1940; of these nineteen lost, nineteen gained 
fewer than 500 people and sixteen gained 500-1,000. These counties are 
chiefly in the southern half of the State. 
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The number of counties which lost population during 1930-1940 
was, however, considerably le§s than between 1920 and 1930: Then 
fifty-eight, or three times as many, lost population. Not only did more 
counties lose population in 1920-1930, but many of them lost more heavily 
—twenty-eight lost larger percentages than any county lost in 1930-1940; 
fourteen then lost from ten to twenty-six per cent. The more widespread 
and larger losses of 1920-»1930 were accompanied by a gain in popula¬ 
tion for Indiana as a whole which was nearly twice as great as during 
1930 to 1940 (10.5 vs. 5.5 per cent). In other words, during 1920-1930, 
although there was a greater decline in many counties, the great gain 
in others more than offset the losses. 

Between 1930 and 1940 the largest population gains by Indiana 
cities were as follows: Indianapolis (22,009), Gary (10,437), Hammond 
(5,240), Fort Wayne (3,247), and Muncie (3,077). Increases of be¬ 
tween 2,000 and 3,000 were recorded by Bloomington, Lafayette, Marion, 
New Castle and Richmond. 

A loss of 5,951 is reported for Evansville by the revised census re¬ 
turns. A preliminary press release had announced a substantial gain 
and a total population of 111,034, but this gain depended on the annexa¬ 
tion of territory not fully annexed before the census was taken. Lesser 
losses are recorded for South Bend, East Chicago, Michigan City, Bed- 



Pig’. 13. Reproductive trend of population (increase or decrease per 
generation) by counties. Based on number of children under age five per 
women aged 20-44 and life table values. (After National Resources Com¬ 
mittee, 1938.) 

Pig. 14. Average plane of living 1928-1929, based on number of tele¬ 
phones, radios and federal income tax returns per 1000 people. 100% is 
national average. (Adapted from Goodrich and others, Migration and 
Economic Opportunity by National Resources Committee, 1938.) 
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ford, Whiting, New Albany, Jeffersonville, Mishawaka, Peru, and Terre 
Haute. 

The reasons for the growth and decline of the cities ai’e partly 
local and partly general. Most city families now are distinctly smaller 
than the average family of the last generation. Another general cause 
is the spread of the population into surrounding territory. For ex¬ 
ample, although Indianapolis 7 population increased at a relatively high 
rate, the rest of Marion County increased at four times the city’s rate. 
Similarly, although Evansville itself lost, the rest of Vanderburgh County 
doubled in population between 1930 and 1940. 

Indianapolis’ growth was greater in numbers between 1930 and 1940 
than that of all the other thirty-four larger cities combined, with the 
exception of Gary. Moreover, it was relatively large as compared with 
most American cities. For the first time in the nation’s history, many 
sizable cities lost population. In contrast with Indianapolis with a gain 
of six per cent, many other cities gained less than one-half of one per 
cent. Examples are Chicago, 0.2; Cincinnati, 0.4; Seattle, 0.4; Buffalo, 
0.4; Tulsa, 0.3. 

Decline in birthrate. The sharp decline in the birthrate is revealed 
by the number of children under 5 years of age per 1,000 white women 
In 1840 there were about 950; in 1860 about 750; in 1880, about 550; 
in 1900, about 450; in 1920, about 350; in 1940, about 250. By 1940 
the birth rate had declined sufficiently so that, despite a large decline 
in the death rate, the net reproductive rate had declined slightly below 
that required to maintain the population stationary in size; it was 98 
instead of the required 100. The urban population had a rate of 86; 
the rural non-farm one of 119; the rural farm one of 115. Between 
the 1930 and 1940 censuses, the reproductive rate of the rural farm 
average declined from 139 to 115, which was nearly twice the national av¬ 
erage decline, and was notably exceeded only by the New England States, 
New York, Michigan, Virginia and Oklahoma. Figure 13 shows the 
regional contrasts in Indiana in the birthrate. Figure 14 shows “The 
plane of living.’ 7 

Finally, the population of Indiana has increased notably, become 
largely native Hoosier, spread over the State and into many other states, 
become increasingly urban, and reduced its birthrate to below the level 
required for a stationary population. Likewise, about a fourth of the 
counties of the State, containing more than half of the population, have 
acquired a standard of living above the national average. 3 

3 Acknowledgment is gratefully made to the N. Y. A. for services by 
Eldon Jann and Jerome Holtel. 



A Population Map for Indiana for 1940 

Wallace T. Buckley, Indiana University 

The Distribution of Indiana’s Population 

The number of people in Indiana and their distribution, according 
to the 1940 Census, are graphically represented in Figure l. 1 This repre¬ 
sentation is accomplished by the use of a series of comparative circles 
for inhabitants of incorporated towns and dots for the rural population. 2 
The areas of the circles are proportional to the size of the towns repre¬ 
sented. For cities having a population over 10,000, the actual political 
boundaries are shown. The dots, each representing one hundred rural 
inhabitants, are localized by townships. 

The use of dots and comparative circles for the representation of 
distributional phenomena is a method widely used by geographers in 
population studies. 3 4 ' 4 

The outstanding feature of Indiana’s urban population distribution 
is the dominant position held by Indianapolis. This city, about three 
times as large as the second ranking city, lies at the geographic center 
of the state. It also dominates the most highly urbanized area, a tri¬ 
angular region bounded by lines drawn northeastward from Terre Haute 
to Fort Wayne and from Terre Haute eastward to Richmond, In or 
near this region are found twenty of Indiana’s thirty-five cities with 
populations in excess of 10,000. 

A second highly urbanized belt extends from Goshen, in the north- 
central part of the state, westward to include Indiana’s lake cities. Here 
are ten of the state’s cities with populations of 10,000 or more. The 
remaining five cities in this class are in southern Indiana with the Ohio 
Valley centers of Evansville and New Albany-Jeffersonville the largest. 

The dispersal of rural population is, with few exceptions, rather 
uniform. The most notable exception is found near the large cities. 
Other exceptions are the relatively less densely peopled Kankakee Basin, 
portions of the Norman Upland in Brown and Jackson counties and the 
Crawford Upland in Martin County. A large part of Brown County 
is included in state and national forests and in a state park. Martin 
County is the site of a large state forest. There is a perceptible thinning 

l This map is based on data from the Bureau of the Census, Population, 
First Series, Number of Inhabitants, Indiana, 16th Census of the United 
States, 1940. 

a The term rural refers to all persons living- outside the limits of incor¬ 
porated towns. Urban is used with reference to the inhabitants of incorpo¬ 
rated towns. These terms as used here should not be confused with the 
Census Bureau definition of “rural" and “urban." 

3 See Smith, Guy-Harold, 1928. The population of Wisconsin, Geographi¬ 
cal Review, 2S:420, for examples of this type of map. 

4 Smith, Guy-Harold, 1928. A population map for Ohio for 1920, Geo¬ 
graphical Review, 28:426. 
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of the rural population in the counties bordering the Ohio River although 
the differences between population densities here and in the better agri¬ 
cultural lands of the northern part of the state are not as great as 
might be expected. 

The principal concentrations of rural population are found in the 
townships which are adjacent to the larger cities. This suburban group¬ 
ing is particularly noticeable in the peripheral area of the lake cities, 
South Bend-Mishawaka, Fort Wayne, Anderson, Terre Haute, Indian¬ 
apolis, New Albany and Evansville. The growth of suburban popula¬ 
tions has been a characteristic feature in the increasing urbanization 
of the nation’s population during the past thirty years. Such densely 
populated rural areas have resulted primarily from attempts on the part 
of city dwellers to escape air pollution, high taxes, traffic hazards for 
children and the failure of zoning ordinances to protect residental prop¬ 
erty from incursion by business and industrial developments. 6 They 
have been made possible by improved methods of transportation, par¬ 
ticularly .the automobile. 

Changes in the Distribution of Indiana’s Population. The population 
of Indiana, numbering 3,427,796 in 1940, increased 189,293 or five and 
eight-tenths per cent in the last decade. This is the smallest increase 
in the history of the state in terms of per cent, and, with the exception 
of the decade ending in 1910, the smallest numerical gain since 1820. 
The percentage of gain for Indiana is well below that for the nation 
but, compared with adjoining states, it exceeds that for Illinois and 
Ohio and is less than that of Kentucky and Michigan. 

In states where the changes in number and localization of the in¬ 
habitants have been large these changes may be made apparent by a 
comparison of a series of distributional maps of the type of Figure 1.6 
For Indiana the changes in population were so small in the last decade 
that a direct comparison of the 1930 and 1940 maps of population dis¬ 
tribution does not show adequately the shifts in the number and localiza¬ 
tion of Indiana’s inhabitants. These aspects of population change are 
better showij for Indiana by separate maps. Figure 2 represents areas 
in which the population has increased. Figure 3 shows the areas of 
population decrease. The method of depiction is similar to that of 
Figure 1. Proportionate circles are used to show changes for incorpo¬ 
rated towns. Villages for which the gain or loss in population was less 
than twenty are not shown on the maps. Dots, each representing ten 
inhabitants and localized by townships, show changes in rural popula¬ 
tion. 

The decade between 1930 and 1940 was a period during which a 
variety of forces affecting population numbers and distribution were 
active in Indiana. The maps are based on inventories of population 
taken at the beginning and end of this period. The census of 1930 

8 The prime factors as listed by Mr. Earl B. Teckemeyer, President of 
the Indianapolis Real Estate Board, reported in the Indianapolis Star for 
November 2, 1941. 

6 For such a series of maps see Petty, Julian J., 1938. Progress Report 
on State Planning in South Carolina, p. 14. 
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marked the close of a period of great prosperity during which the trend 
of population movement was definitely cityward. All but five of In¬ 
diana’s cities in the 10,000 or over class gained in population in the 
1920-1930 decade. Eleven enjoyed increases of more than fifty per cent. 
For the state as a whole the urban increase amounted to twenty-one 
per cent and the rural 7 population declined three-tenths of one per cent. 
Between 1930 and 1940, the increase in rural population, both in per 
cent and in actual number, exceeded the urban increase for the first 
time since 1890. 



The economic and social forces operating to cause distributional 
changes in Indiana’s population in the past ten years are not capable 
of exact evaluation. 8 They include the nationwide depression which 

7 Urban and rural used here in accordance with the Bureau of Census 
definition, 

8 See Nat. Res. Com, Report of the committee on population problems, 
1938. Problems of a changing- population, pp. 83-116, for a discussion of 
these forces. 
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was felt in all walks of life in Indiana but probably most seriously in the 
manufacturing, mining and quarrying centers. The most disastrous flood 
in the history of the Ohio Valley occurred in 1937. The various forms of 
State and Federal relief were introduced. The state’s long dormant 
petroleum industry was revived in 1937 with the principal effect being 
felt in southwestern Indiana. These forces, and others, were so varie¬ 
gated in nature, duration and locale that many details of their effects 
are lost in the interval between 1930 and 1940. The result of these 



forces, as they affect population number and location, may be seen in 
Figures 2 and 3. 

Areas of Population Increase. The principal trend in the size of In¬ 
diana s incorporated towns in the past decade has been upward but at 
a slower rate than that of the 1920-1930 census period. Of the 494 
towns included in Figure 1, seventy-four per cent increased in size, the 
increases ranging from 100 or less to more than 10,000 for Indianap¬ 
olis and Gary. (Table I.) Twenty-six per cent of the towns lost 
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Table I.—Percentage of change for 494 incorporated towns. 


Increase 


Number of 

Per cent of 

Towns 

Total 

209 

42.3 

118 

23.8 

22 

4.4 

18 

3.6 


Decrease 


Number of 

Number of 

Per cent of 

Persons 

Towns 

Total 

1-100 

108 

21.7 

101-500 

13 

2.6 

501-1000 

3 

.6 

1000-over 

3 

* .6 


population, the majority of the losses being less than 100 and the maxi¬ 
mum loss exceeding 5,000.9 

The largest percentage increases achieved without enlargement of 
political limits are found in Frankfort and Gary where gains of twelve 
per cent and eleven per cent, respectively, occurred. Other towns, for 
which gains of over ten per cent occurred, are Lafayette, Bloomington, 
New Castle and Columbus. Each of these cities incorporated suburban 
areas between 1930 and 1940. 

There are two large population agglomerations in Indiana, each 
consisting of a dominant city and its satellites. Indianapolis, with 
eighteen towns in its peripheral area, and Gary, with thirteen, are the 
largest of these groupings. Of greater significance than the actual 
population of the incorporated towns in these areas is the population of 
the metropolitan area, a figure which includes the rural non-farm popu¬ 
lation but excludes the rural farm population. The estimate for the 
Indianapolis area is 450,000, with an increase of about six per cent 
over 1930, and 280,000 for Gary, a gain of about nine per cent. 

The most notable increases in rural populations are those found 
in townships adjacent to the larger cities. This suburban growth is 
evident, in Figure 2, for most' of the cities. The exceptions, for the 
most part, are those which extended their political limits to include 
their suburbs in the last decade. Because of this type of expansion, 
Bloomington and Lafayette show practically no increase in their subur¬ 
ban areas. 

Other areas of rural population increase are found in the north¬ 
western counties and a rather indefinite belt extending southward from 
Brown and Bartholomew counties to Jackson and Floyd counties on the 
Ohio River. Physiographically, the northwestern area lies in the Kanka¬ 
kee Lacustrine Section of the Northern Lake and Moraine Region and 
the belt in the south lies largely in the Norman Upland. io These 
physiographic regions are relatively poor agricultural areas and are 
among the less densely settled lands of the state. It is possible that 
a part of the displaced urban population, seeking cheap land, found 
homes in these less desirable agricultural regions. 


9 Evansville is reported as having lost 5,187. The 1930 census for 
Evansville included population of parts of five townships outside the city 
limits. These suburban areas were excluded in the 1940 census. 

1Q Malott, Clyde A., 1922. Physiography of Indiana, Handbook of In¬ 
diana Geology, part 2, p. 66. 
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Areas of Population Decreases. Most of the urban centers which lost 
population in the last decade can be quite definitely localized. They 
are found in the coal mining districts, the quarrying district and along 
the Ohio River. The chief exception is found in South Bend and Misha¬ 
waka. Here, since there were no changes in the cities' areas, the loss 
seems to be genuine. Evansville, which in Figure 3 shows the state's 
greatest loss, actually gained, in its metropolitan area, approximately 
18,000 inhabitants.^ 1 

The loss in rural population, although occurring in townships in 
nearly every county in the state, tends to be concentrated in certain 
areas. Eleven of the thirteen counties touching the Ohio River include 
townships in which the rural population decreased. The quarrying and 
coal mining districts in southern and western Indiana lost rural popula¬ 
tion in the last decade, a period of severe economic depression for these 
industries. The greatest loss in rural populations seems to have occurred 
in the counties that lie near a line drawn from Benton County in north¬ 
western Indiana southeastward to Dearborn County on the Ohio River. 
Most of these counties lie in the Tipton Till Plain, Indiana's richest farm¬ 
ing region. This belt of rural population loss tends to coincide with the 
counties in which the number of farms declined between 1930 and 1940. 
This fact suggests that the consolidation of farms and the mechanization 
of agriculture in the better farming regions has tended to reduce the size 
of the rural farm population. Despite this loss in central Indiana and in 
other areas the gains in the rural townships in the extreme northwest 
and in many of those in the southern counties gave Indiana a net in¬ 
crease in rural population in the last decade. 


u See footnote Number 9. 



Helictites in the New Discovery at Wyandotte Cave, Indiana 

Preston McGrain, Indiana University 

It is the purpose of this paper to describe certain recently dis¬ 
covered passageways in Wyandotte Cave and to discuss the origin and 
growth of some of the unusual formations in these passageways. 

The earliest records of Wyandotte date back to 1800. The portion 
of the cave called the “Old Cave” was known at that time. In 1850 
a party, having traversed the route of the “Old Cave” and observing 
a current of air to one side of the passageway, succeeded in gaining 
entrance to a new and longer series of passages. This discovery became 
known as the “Long Route.” A few connecting passages and rooms 
were found after this time but it wasn’t until January, 1941, that an¬ 
other major discovery was made at Wyandotte. At this time guides, 
searching the unexplored regions of the cavern, came upon a new group 
of passages containing thousands of new and rare formations. The 
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/‘New Discovery” adds considerable to the length of the cavern, although 
only a portion of the newly discovered passages has been opened to the 
public. 

One of the newly discovered passages, estimated to be some 1,600 
feet in length, leads from “Pillared Palace” into “Monument Mountain” 
room. (Fig. 1.) This passage, as are other parts of this great cavern 
system, is a relatively simple underground conduit. Clay, silt, and frag¬ 
ments from the ceiling have filled this former subterranean waterway 
to within a few feet of the top. The new part of the route can be 
divided conveniently into three parts. The southern portion of the 
passage is in gray, thin-bedded limestones of the Ste. Genevieve forma¬ 
tion. These strata are interbedded with thin layers, stringers, and 
nodules of flint. This portion of the route is decorated with small and 
unusual stalactites, and stalagmites, flowstone, and the strange and 
little known helictites. (Fig. 2.) These peculiar formations are like 
thousands of tiny twisted and curved fingers, pointing in every direc- 



Fig. 2. View in the “Garden of Helictites’*. Here the clay floor is covered 
with stalagmites and flowstone; the ceiling is 3 feet above the floor. 

tion. (Fig. 3.) From the ceiling and walls they will start down and 
suddenly, without any apparent reason, will bend or curve sharply, occa¬ 
sionally growing back to the ceiling from whence they came. Helictite- 
like formations decorate some of the small column or pillar-like struc¬ 
tures which reach from the silt floor to the ceiling. All are white; 
some dull, chalky, and opaque, while others are shiny, crystalline, and 
translucent. The name “Garden of Helictites” has been given to this 
part of the “New Discovery.” Among this medley of twisted and curved 
helictitie formations are two weird formations, unlike anything ever 
seen in Indiana caverns. One is a slanting stalactite, which defies the 
law of gravity by hanging at a 45 degree angle from the roof of the 
cavern rather than the customary 90 degrees. It is 12 inches long and 
to 2 inches in diameter. Another unusual formation is a small 
stalagmite which has a tapering projection of calcium carbonate ex- 
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tending from its side. This projection is about 8 inches long and lies 
in' a horizontal plane a very short distance above the floor of the passage¬ 
way. Mid-way between “Pillared Palace” and “Monument Mountain” 
room the visitor encounters a hill-like pile of rocks 25 feet high rising 
in a rather small room. The thin, slabby rock comprising this hill-like 
feature has fallen from the ceiling. The floor of the tentatively named 
“Crater Room” is the top of the underground hill. The room is elliptical 
in shape and has a slightly domed ceiling which is 8 or 9 feet above 
the floor. A portion of the ceiling is covered with a crust of cave 
travertine. From this deposit hang hundreds of “straw” stalactites 
and helictites. The floor is studded with stalagmites, many of which 
exhibit unusual transluceney. The route from “Crater Room” to “Mon¬ 
ument Mountain” room is barren of decorative cave deposits. The 
ceiling, a coarsely crystalline, somewhat fossiliferous and oolitic white 
limestone of the Ste. Genevieve formation, has been sculptured by the 
stream which once used this passage. 



Fig. 3. Close-up of some of the helictites in the “New Discovery”. The 
distance between the clay floor and ceiling is about 3 feet. 


The term helictite comes from the Greek word heliktos, meaning 
twisted. It is applied to twisted, irregularly bent cave formations, par¬ 
ticularly to contorted stalactites, which defy the law of gravity by 
deviating from the vertical. The term was apparently used first by 
H. C. Hovey (1882). In discussing stalactitic distortion he wrote, 
“The term ‘Helictite’ has been suggested as appropriate to these con¬ 
torted growths.” In a very broad sense the term has been used by a 
few writers to include “crystal aggregates”, “crystal clusters”, “cave 
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flowers”, and “rosettes” but the writer prefers the restricted definition 
given above. 

Three general types of helictites differing as to structure have been 
recognized by the writer. The first type is the “pipe stem” or “straw” 
formations. These are hollow, or tubular and start like ordinary stalac¬ 
tites but branch like a limb or root and usually terminate in a twist 
or curve. The helictite may taper to a point or it may suddenly enlarge 
to a mass several times the diameter of the stem proper. The second 
type is almost solid. It has a core and is built outward with successive 
more or less concentric layers of crystalline calcium carbonate. Careful 
examination with a magnifier will reveal a small hole through which 
the solution might pass. The smallness of the conduit can be explained 
by deposition within the original tube and the layer effect by water 
charged with calcium carbonate flowing down the outside of the helictite 
and thus coating it with successive deposits. The third type is also 
practically solid. It is definitely crystalline internally and upon careful 
observation may be seen to possess radial structure. This structural 
form is thought to be due to the recrystallization of the calcium car¬ 
bonate. In some cases all evidence of an inner tube has been destroyed 
by the recrystallization. 

Prior to the new discovery in January, 1941, helictites in Wyan¬ 
dotte were known to occur in “Pillared Palace” and other portions of 
the cavern. The “New Discovery” contains a profusion of helictites 
which excels in both abundance and variety all other assemblages of 
this type of formation in the cavern. Because of their peculiar shapes, 
helictites attracted the attention of the earliest explorers of Wyandotte. 
Collett (1878) described the helictites in “Pillared Palace” as “strange, 
crooked, writhing, twisting, unsymmetrical sprigs of white limestone.” 
Blatchley (1896) described the same formations as stalactites no larger 
in diameter than a lead pencil and curved and twisted in a unique and 
grotesque manner. 

Many theories have been offered as explanation of their growth. 
Collett (1878) suggested that they grew by propulsion from the bottom 
after having been pushed out of the solid rock. Hovey (1882) attributed 
the twisted form of helictites to lateral outgrowths having fungi for 
the starting point. Blatchley (1896) said that the bent and twisted 
condition of the helictite was due to the varying currents of air which 
pass through portions of the cave and force the tiny drops of water 
on the end of the stalactite first to one side of the tip and then to the 
other. Greene (1906) suggested that the curves are possible due to the 
twinning tendency in the crystallization of the calcite. Lobeck (1929) 
ascribed the formation of helictites to the presence of impurities in the 
dripping water. He thought that impurities, such as grains of sand 
or silt, accumulate on the outside of the stalactite and cause a change 
in the direction of crystal growth at those points. McGill (1933) con¬ 
sidered that this type of deposit probably results from impurities in the 
dripping water and from the effect of air currents in directing growth. 
Gasteret (1938) offered an unexplained kind of osmosis as a likely 
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hypothesis for the formation of helictites. Huffs (1940) experiments 
with artificial helictites lead him to conclude that helictites are tubes 
that assume their crooked shape as a result of the chance orientation 
of crystals at the growing end of the tube, that helictites are produced 
where there is a hydrostatic head and where there is a small flow. 

The writer’s observations of helictites in Wyandotte Cave have 
lead him to substantiate Huff’s (1940) hypothesis. The air currents in 
Wyandotte are mainly in two directions, inward in the winter and out¬ 
ward in the summer, not the infinite number of directions as would be 
indicated by the growth of helictites. The channel in the helictites is 
a conduit for the calcium carbonate bearing water which makes the 
deposit at the extremity of the helictite and not at the base. Although 
fungus growth was observed upon the silts and clays of the floor of the 
cavern none was observed growing upon the helictite. Since the Ste. 
Genevieve limestone as a whole is relatively pure and is not known 
to be sandy in the vicinity of Wyandotte Cave the presence of impuri¬ 
ties in the dripping water doesn’t seem logical. In the early stages of 
exploration of the “New Discovery” in the Spring, 1941, guides noted 
that small quantities of water were released when a thin crust upon 
the ceiling was penetrated or when a helictite was accidentally broken, 
thus suggesting the presence of hydrostatic pressure where the helictites 
are growing at the present time. A rather .close study revealed that 
the helictites possess a very small opening at the growing end of the 
formation. Thus it follows that, even though hydrostatic pressure may 
be present, the rate of flow is small. When the flow of water holding 
calcium carbonate in solution is slow enough, evaporation prevents the 
formation of a drop, and a deposit, not oriented by gravity, forms. 
These helictites may grow directly from the ceiling itself, or may grow 
from a stalactite, particularly one of the “straw” variety. 

The chemical composition of helictites is the same as the accompany¬ 
ing stalactites, stalagmites and similar deposits, but the laws governing 
their formation and growth have been baffling. They are, of course, 
the work of the precipitation of calcium carbonate from ground water 
but no one knows exactly how the work is done. There have been 
several theories but little uniformity of opinion has been reached. It is 
probable that no single theory applies to every case. Blatchley’s, 
Hovey’s, Lobeck’s, and McGill’s explanations would account only for 
the helictite which starts as a regular stalactite, and do not take other 
types into consideration. However, if it can be assumed that natural 
helictites are formed by the same process as the artificial ones, Huff 
(1940) has solved some of the controversial problems. The writer’s 
observations in the “New Discovery” of Wyandotte Cave have proved 
rather conclusively that some of them are fofmed in this manner. 

Acknowledgments. To the management of Wyandotte Cave, grate¬ 
ful thanks are extended for their cooperation in permitting the writer 
to make observations necessary for the preparation of this paper. Special 
thanks are due Prof. C. A. Malott, of Indiana University, for many 
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Some Observations Concerning the Historical Geography of 

Indiana—Part I 

J. E. Switzer, Indiana University 

“Every geographical fact should be studied historically and every 
historical fact should be studied geographically.” It is in an effort to 
apply this principle to the geography of Indiana that this paper is 
written. 

The geologic and physiographic background. The foundations of 
the geography of Indiana are to be found in the geologic and physio¬ 
graphic backgrounds of the area which the state occupies. 

This area during much of the Paleozoic era of geologic his¬ 
tory was occupied by an inland sea. In some 7,000 square miles of 
what is now the southwestern part of the state, there accumulated in 
this sea or swamp area great quantities of vegetal matter that later 
became the coal deposits of the state. Production of coal from this 
area amounted to over 16,000,000 tons in 1939. Indiana ranks sixth 
among the coal producing states. It ranks first in the amount of coal 
produced per man per day. This is partly due to the fact that much of 
the coal is near the surface, and hence can be mined by the strip method. 
The number of men employed in Indiana in open pit mining of coal is 
approximately 25% of all the men so employed in the United States.! 

During the Mississippian Period of the Paleozoic era, in relatively 
clear waters of portions of this inland sea, large amounts of calcium 
carbonates accumulated which later became limestone of such purity and 
of uniformity of hardness, color, texture, and ability to withstand weath¬ 
ering that it has been in much demand for building stone. The area 
in which this stone was first described was Salem, Indiana, hence it 
was given the name of Salem Limestone. Large quarries were early 
developed in the Bedford vicinity for marketing it, hence it is often 
called by the trade name, “Bedford Limestone.” There are few large 
cities in the United States that have not used this limestone in at least 
one building. Many other less valuable limestones accumulated in these 
inland seas that are used for the foundations of buildings, the making 
of concrete, cement, and lime, and for road materials. Indiana’s present 
efficient highway system thus bears some relation to its geological history. 

The presence of oil and gas in several parts of the state is due to 
complicated geologic processes operating through long periods of time. 
The manufacturing areas of the north central part of the state owe 
their early development partly to the presence of natural gas in that 
area. 

’■Minerals Year Book, 1940, p. 791. Dept, of Interior, Bureau of Mines. 
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Geologic processes and events resulted in the great central part of 
North America, of which Indiana is a small part, being a great lowland 
reaching from the Arctic Ocean to the Gulf of Mexico. This lowland 
permits Indiana to be swept by the cold Arctic breezes from the north 
and at other times bathed in the warm tropical winds from the south. 

The nearly level surface of northern Indiana is due chiefly to the 
work of glaciers. The great depth of the glacial till furnishes a catch¬ 
ment basin for ground water that insures an adequate supply of good 
well water for all the farms of the area, a thing that is difficult to 
obtain in the limestone area of the southern part of the state. The 
abundance of mineral plant foods in the glacial till has contributed to 
the fertility of the soil. Outflowing waters from the front of the melting 
glacier cut broad channels along the Wabash on which a canal could be 
built to connect the Great Lakes and the Ohio River. 

The Great Lakes, themselves, were a gift of the Ice Age. The 
southward extent of Lake Michigan for more than 300 miles causes 
all land transportation routes from the northwest to go around it, and 
hence across Indiana. The ice-made level land of the north permitted 
the construction of highways and railways at a minimum of cost com¬ 
pared to the rougher and more hilly portions to the south. Multiplicity 
of routes of travel stimulate competition in rates and furnish accessibility 
to large areas, all of which items were favorable to Indianians. 

Associated with the Lake Michigan shore line is an area of sand 
dunes, commonly considered worthless land. But here one of the great 
steel companies saw the possibilities of developing a good harbor. The 
result is the great steel manufacturing city of Gary which was the 
beginning of the development of the Calumet District of varied and 
complex industries. 

Climate is an important factor in the production of any crop. 
However, Indiana would probably have never obtained the important 
position it holds in the “Corn Belt” states had not the glaciers furnished 
a favorable surface with valuable soil materials in which grasses and 
trees could develop a soil profile upon which corn would thrive. What 
is true for corn in true for all the other crops which have contributed 
to the economic welfare of the state. 

“The Corn Belt is the gift of the Gods—the rain god, the sun god, 
the wind god, the ice god, and the gods of geology. In the middle of 
the North American Continent the gods of geology made a wide expanse 
of land where the rock layers are nearly horizontal. The ice gods 
levelled the surface with their glaciers, making it ready for the plow, 
and also making it rich. The wind god accumulated dust through the 
ages and helped build up a soil. The rain god gives summer showers. 
The sun god gives summer heat. All this is nature's conspiracy to 
make men grow corn. Having corn, man feeds it to cattle and hogs and 
thereby becomes a producer of meat, and Chicago, the economic capital 
of the Corn Belt becomes the meat capitoLof the world.”2 


3 Smith, J. B., and Phillips, M. Ogden, 1940, North America , p. 360. 
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Early explorations. In 1670, Sieur de La Salle with a party of 
explorers followed the St. Lawrence-Great Lakes route and reached, on 
December 3, the mouth of the St. Joseph River where it empties into 
Lake Michigan. They ascended the river in canoes and spent a night 
where the city of South Bend now stands. They later portaged to the 
Illinois via the Kankakee and thence to the Mississippi. “This is the 
first authenticated record of white men within the area that is now 

Indiana.”^ 

Most of the explorations of the nations of west central Europe 
had as their motive the discovery of a northwest passage around the 
land barrier that blocked their way to the Spice Islands and the fabled 
wealth of India. When the French first found and entered the broad 
estuary of the St. Lawrence, their hopes of success in finding the north¬ 
west passage must have been greatly heightened. When they entered 
the broad expanse of waters of the Great Lakes, these hopes were prob¬ 
ably further strengthened. Though this route did not lead them to the 
Indies and its wealth, it did lead them to a region that has since become 
one without parallel in the world and gave them, for the time, undis¬ 
puted claim to it. Later when their claims were taken over by the 
English, this route continued to be a very important connection between 
the interior of the North American continent and the Atlantic shores 
and thence with the mother country. Today, the Great Lakes and the 
lowlands bordering them, together with the Mohawk Lowland, are the 
routes of the great bulk of traffic, both freight and passenger, between 
the Atlantic and this great “Inland Empire.” Even now this region is 
being considered worthy of further improvement by the construction of 
a great waterway canal system at a cost of hundreds of millions of 
dollars to permit ocean-going vessels to enter and travel the full length 
of the Great Lakes system. The St. Lawrence valley and the Mohawk 
lowland furnished the only easy route through the Appalachian barrier 
into the interior. It was the path of the early explorers, but when 
time for settlement of the interior arrived, it played no part in the 
movement of the early settlers into the interior. The reason was the 
entrance of an opposing human factor more potent than that of the 
physical factor favoring the use of the route. The human factor was 
the presence in this lowland path of the very warlike Mohawk and 
Iroquois Indians who resented the coming of the white man into their 
territory. The Indians were incited, at first, by the French against 
the English. Then when the English had driven out the French and 
were resenting the progress of the colonists, they incited the Indians 
against the colonists. Hence northern Indiana which would have been 
the easiest to reach, and which now comprises the most productive and 
fertile land of the state with most of the large cities, industries, and 
wealth, was left entirely out of the early settlement activities. 

The early settlers and their routes of entrance. Physiographic re¬ 
lationships played an important part in determining who should con- 


* Esarey, Logan, 1924, A History of Indiana, vol. I, p. S. 
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stitute the early settlers in the state and what routes they should follow 
to reach it. As the lands to the east of the Appalachian Mountains 
became settled, some seeking larger and better holdings began to spread 
across the mountains into the interior. The lowlands to the north occu¬ 
pied by hostile Indians, as stated above, blocked the passage from the 
northern states of New England and New York. The series of parallel 
ranges of the Appalachians were in themselves a real barrier. Then 
added to this was the fact that they were heavily wooded. Hence they 
became, in real fact, to the traveller seeking a route over them the 
“Endless Mountains.” Any condition that offered a reduction of the 
difficulty of crossing them was readily taken advantage of. The Potomac, 
Susquehanna and James river valleys furnished routes leading into the 
mountains. Along the western slopes the Allegheny and Monongahela 
rivers with their tributaries spread like a fan from New York into 
West Virginia, and lead the way to their junction to form the Ohio. 
Farther south the Great Kanawha lead also to the Ohio. Still farther 
south near the joint boundary lines of Virginia, Tennessee and Kentucky 
the Cumberland Gap was a final break through the mountains to the 
plains of Kentucky. The north-south valleys between the ranges aided 
movement toward this low gap. All these directed the path of the 
travellers toward the Ohio River which forms the southern boundary 
of Indiana. The path of all the people who crossed the Appalachians, 
therefore, was directed to and down the Ohio toward Indiana. 

Another important consideration is the fact that the most northern 
reach of the Ohio River between its source and mouth is at the eastern 
boundary of Indiana. From the point at which the Big Miami enters 
the Ohio the river bends sharply toward the southwest and carries the 
traveller farther and farther away from the fertile plains which lie to 
the north to rougher and poorer lands to the southwest. The White- 
water River joins the Miami just before it enters the Ohio. Its valley 
forms a gateway to the fertile glacial plains to the north. These con¬ 
ditions taken together give to the Whitewater valley a greater signifi¬ 
cance than its size would warrant. Very early it became the main 
route of settlers in the eastern part of the state, and for a half century 
was the most densely populated part of the state. This southeastern 
part of the state early took on significance in terms of population and 
industrial development. The settlers were largely composed of people 
from Pennsylvania and the states to the south who had better access 
to the routes over the “Endless Mountains.” While some from the states 
farther north filtered through, their numbers were small. If the Mohawk 
and Erie lowlands had been open, the greater number would undoubtedly 
have come through that region and the composition would have been 
to a much larger degree northern people rather than those from the 
southern states. Also, the state would have been settled in the north 
first rather than the south. 

Organization of territory. The territory of present-day Indiana 
has passed through several phases of organization. The “King’s Procla¬ 
mation” of 1783 forbade the sale of lands that were not in the drainage 
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basin of a river flowing directly into the Atlantic Ocean. All other 
lands were to remain Indian Hunting Grounds.* The Quebec Act of 
1774 attached all the lands north of the Ohio River, east of the Missis¬ 
sippi and south of the Great Lakes to Quebec, thus linking the Indiana 
region with Canada. This is a reflection of the St. Lawrence-Great 
Lakes Waterway influence as a connecting link with the mother country. 

Practically no government existed in the area that is now Indiana 
until 1778 when it was included by Virginia in the organization of 
Illinois County. It was in the area ceded by Virginia to the general 
government in 1783. The Ordinance of 1787 organized the Northwest 
Territory, the boundaries of which were the Ohio and Mississippi Rivers 
with Canada on the north and New York and Pennsylvania on the east. 
The first county organized in Indiana was Knox County, with Vincennes 
as its nucleus, in 1790. The boundaries were designated as the Great 
Miami River on the east, the Ohio River to Ft. Massac on the south, 
the Illinois River and St. Claire Co. on the west and Canada on the 
north. • “This was the first real, organized government on the soil of 
present-day Indiana.”5 The fact that nearly the whole of the boundary 
was river or lake suggests the importance attached at the time to the 
use of waterways. 

Indiana was organized as a Territory on July 4, 1800, with Vin¬ 
cennes as fhe capital. Its boundaries were Canada on the north, the 
Mississippi River on the west, the Ohio River on the south, and on the 
east a line running from opposite the mouth of the Kentucky River to 
Ft. Recovery and from that point north to Canada. Thus, it included 
practically all of what is now Indiana, Illinois, Wisconsin, and Michigan. 
Land sales began in 1801 and settlers came in great numbers by way 
of the Ohio, and across Kentucky by way of Cumberland Gap, settling 
along the Ohio and its tributaries, from the north. Soon the people 
at the north, their main settlements about Detroit, began to seek sepa¬ 
ration on the grounds that they were too remote from the seat of gov¬ 
ernment at Vincennes and were separated from it by hostile Indians. 
Wayne County, constituting most of what is now Michigan, was or¬ 
ganized and Congress granted the separation in January, 1805. Thus 
Indiana lost nearly one-third of the area of the Territory. Likewise, 
settlers at Kaskaskia, on the Mississippi, were too remote from the 
government center at Vincennes to secure aid against Indian raiders 
and other depredations, hence soon began to clamor for a separate 
government. The separation act for this area was signed by President 
Jefferson on February 3, 1809, leaving the boundaries of the Indiana 
Territory in their present position except for minor alterations,® 

By 1809 four counties had been organized in the Territory, all 
bordering on the Ohio River. (Fig. 1.) Two-thirds of the Territory 
was recognized .as Indian Land and all settlements were confined to 
the southern part of the state and near the Ohio, Wabash, White, and 


4 Esarey, Logan, 1924, A Bistory of Indiana , vol. I, p. 45. 

8 Esarey, Logan, 1924, A History of Indiana 3 vol. I, p. 153. 

6 Esarey, Logan, 1924, The History of Indiana , vol. I, pp. 178-179. 
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Whitewater Rivers. The settlers had all either come down the Ohio 
River or crossed from the Kentucky side. A large number had entered 
Kentucky by way of Cumberland Gap, many of them from Virginia 
and the Carolinas. Many settlers from Pennsylvania, also, seeking 
to avoid the difficulty of crossing the series of wooded parallel ranges 
of the Appalachians, followed the valleys southward between the ranges 
to Cumberland Gap, a much longer but less arduous route. 



Fig. 1. Indiana counties in 1809 and population in 1810. Each (,) repre¬ 
sents 100 people. (County boundaries are by E. V. Shockley in Bowen’s Indiana 
State Atlas, p. 8. Population as given in U. S. Census Bureau Bulletin , census 
of 1810.) 

The census of 1810 showed a total population of 24,520. The rapid 
increase in population is indicated by the fact that at the end of the 
following decade the population had increased to 147,660, an increase 
of 600 percent. In another ten years the population had increased to 
344,508, an increase of 240 percent in the 10 years or over 1,450 percent 
in 20 years. The eastern part of the state along the Whitewater and 
Ohio Rivers remained the most populous part. Brookville was for many 
years the state's most important city. Vincennes, as the capital, was 
too far on one side of the state to be easily accessible to all, hence an 
agitation was started to move the capital to a more nearly central 
location. Corydon was chosen and the capital was moved there in 1813. 

By 1814, 13 counties had been organized, 8 bordered on the Ohio 
River, 2 were in the Whitewater Valley, and 3 were crossed by the 
White River. The Wabash River formed the western boundary of 3 
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Fig. 2. Indiana counties in 1814 and the “New Purchase” boundaries made 
in 1818. (County boundaries by E. V. Shockley in Bowen’s Indiana State 
Atlas, p. 8.) 


Fig. 3. Indiana counties in 1822 and population in 1820. Each (.) repre¬ 
sents 100 people. (County boundaries by E. V. Shockley in Bowen’s Indiana 
State Atlas j p. 9. Population as given iri U. S. Census Bureau Bulletin , Census 
of 1820. 

of these counties. (Fig. 2.) All of these facts point to the importance of 
streams for transportation and communication. 

In 1816 Indiana was admitted to statehood. The Indian Lands 
boundary ran from the western boundary of the state in what is now 
Vermillion County through Montezuma in Parke County; Gosport, Owen 
County to Driftwood River east of Brownstown, thence northeastward 
to Greenville, Ohio. A large tract of the Indian Lands known as the 
“New Purchase” was obtained in 1818 from the Delaware Indians. 
(Fig. 2.) The Weas, Kikapoos, and Potawatomies agreed to withdraw 
to the north of the Wabash J This movement made a large tract of 
fertile land available for settlement as soon as the dangers from Indian 
attacks were removed. These lands were rapidly taken up by settlers. 

By 1822 forty-seven counties had been organized. They occupied 
all the land of the New Purchase and extended to the Wabash. The 
three northern counties, Wabash, Delaware, and Randolph occupied 
about one-third of the state but were very sparsely populated. Randolph 
County reached to the Michigan boundary line. (Fig. 3.) Southward 


T Esarey, Logan, 1924, The History of Indiana, vol. I, pp. 259-260. 





214 


Indiana Academy of Science 


from about the latitude of Marion County, the counties had for the 
most part assumed their present shapes and extent. The population 
distribution showed a markedly greater density in the eastern part of 
the state. The densities along the Ohio and other river valleys were 
greater than in other portions. Hilly areas were occupied only near 
the Ohio River and the eastern part of the state. In the areas more 
remote from the Ohio the hilly lands of the Crawford and Norman 
Uplands were avoided and settlements were largely confined to the 
Mitchell Plain and the Scottsburg Lowland. 

The increase in population and the spread from the river valleys 
created a serious problem in transportation. As yet there were only 
“traces” through the forests to serve as roads. Many projects of roads, 
railroads, canals and river improvements were beginning to be dis¬ 
cussed. The completion and success of the Erie Canal created a great 
ambition to have canals constructed in the state. Railroads were con¬ 
sidered an important adjunct to waterways. But the construction of 
these, the problems associated with them, and the transition of this 
frontier state with agriculture as its practically sole sustenance to 
that of a complex advanced agricultural and industrial member of the 
United States of today will have to wait for treatment in Part II at a 
later time. 



The Origin of the Devil’s Backbone, Jefferson County, Indiana 

Grant T. Wick wire, Hanover College 

Introduction 

About two miles west of Madison, Indiana, an isolated mass, com¬ 
monly called the “Devil's Backbone” rises some 360 feet above the Ohio 
River. It is separated from the adjacent upland by a well defined valley 
known as the “Hog Trough” whose bottom is subject to flooding, by 
backwater from the Ohio, except at its highest point which is a divide 
just west of the Jefferson County Infirmary. This report will consider 
various hypotheses of origin of this feature. 

Geology 

Bedrock. The Backbone, like the adjacent upland, is made up of 
Ordovician and Silurian rocks. The various formations in these periods 



occur in the same relative position in the Backbone and upland. That the 
Backbone has at some time been a part of the adjacent upland and 
that unusual erosive forces have conspired to separate it is assumed. 

Alluvium. The “bottoms” along the Ohio River are alluvium, sand, 
silt, and gravel. These bottoms rise in a series of terraces described 
by Culbertson^ as flood plain 458 feet, first terrace 475 feet, second 
terrace 508 feet, and third terrace (absent on Indiana side of the river, 
but 544 feet at Milton, Kentucky, across the river). The Ohio river itself 
is given as 425 feet above sea level when at pool stage. 

1 Culbertson, J. Archer. Notes on some Ohio River terraces. Proc. Ind- 
Acad. Sci. 37:120. 
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Borings made in the bed of the Ohio prior to building the Madison- 
Milton highway bridge passed through 68 feet of alluvium before meet¬ 
ing bedrock. Segments of both first and second terraces can be recog¬ 
nized in the valley west of the Backbone. 

Hypotheses of Trough Origin 

The bedrock similarities already mentioned as well as a complete 
lack of faulting in the area eliminates any structural hypothesis. Under¬ 
ground water may have played a part in forming tfye trough. A few 
tiny sinkholes are found on the adjacent upland but there are no caves, 
underground rivers, or other karst features. In view of this evidence 
ground water was not considered as an erosive agent. Five hypotheses 
of trough origin are considered in detail. 

Hypothesis 1. Work of Present Stream. 

Clifty Creek, a mile away, carries in a narrow V-shaped gorge 
several times the volume of water carried by Hog Trough Creek. Since 
the vastly more powerful Clifty has been unable to widen its valley, 
certainly the tiny Hog Trough Creek could not have produced the broad 
arable bottom in which it flows. 

Hypothesis 2 . A Former Channel of the Ohio . 

Most observers on first viewing the Backbone and Hog Trough de¬ 
velop a mental picture of the Ohio flowing in the Hog Trough and eroding 
that valley. 

At its narrowest the Ohio is over one-fourth mile wide, and aver¬ 
ages perhaps one-half mile. The bottom of the Hog Trough is nowhere 
over one-eighth mile wide. This is too small to carry the volume of 
the Ohio without leaving some striking evidence of scour. 

If the entire flow of the Ohio eould not pass through the Hog Trough 
valley might a part of the flow at some time have gone that way? The 
presence of terrace segments' in the Trough indicates that glacial waters 
did indeed pass through. But that these waters first scoured away 300 
feet of rock does not necessarily follow. 

Bretzs in his “Channeled Scablands of the Columbia” studies has 
shown that such scouring indeed may occur. But the channeling of the 
Columbia Plateau was general over a wide area whereas the Hog Trough 
is a unique feature of the local landscape. 

Finally the Scabland channels were abandoned when lower outlets 
were uncovered by ice retreat. No such condition occurs in the backbone 
area. If a stream powerful enough to cut the Hog Trough valley was 
ever present there is no reason to suppose it would not continue to keep 
its channel open. 

Hypothesis S . The course of Crooked, Clifty and tributary creeks 
was once through the Hog Trough . 

This hypothesis has much to recommend it. The combined flows 
of these creeks should be sufficient to erode the Trough. The transverse 

2 Bretz, J. Harlan. The Channeled Scablands of the Columbia Plateau. 
Jour. Geol. 51:617-649, 1923. 
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valley profile of Crooked Creek north of Madison is strikingly like that 
of the Hog Trough. The principle of “piracy by lateral planation” is 
familiar and accepted. It seems to apply here admirably. 

A map of the area reveals serious objections to a full acceptance 
of this hypothesis. The heads of Hog Trough, Clifty and Crooked 
Creeks and their tributaries, with the exception of Little Crooked, 
trend south and southeast, never southwest. This southeast trend is 
against the dip of the underlying rock. By inference then, a southeast 
rather than a southwest drainage existed when these valleys were 
established. The valleys of Happy, Crowe, Butler, and others south of 
the Backbone are in accord with the present Ohio drainage. The rela¬ 
tionship is somewhat complicated by the right angle bend of the Ohio, 
yet is significant. 

A valley should widen downstream but the Hog Trough valley is 
narrower at its mouth than upstream. This narrowing at its southern 
end is masked somewhat by alluvium, but where bedrock measurements 
are possible it can be shown as true. 

Another objection to this combined stream hypothesis is the lack of 
continuity of the stream systems. If the Ohio had captured the head¬ 
waters of a greater Hog Trough Creek there should be some evidence 
of continuity between the head and beheaded portions of the valley. 
This continuity cannot be made out. The hypothesis would seem un¬ 
tenable. 

Hypothesis k* Movement of the Great Ice Sheet eroded the valley . 

Near Bethlehem, Indiana, a tributary of Knob Creek is eroding 
a course roughly parallel to the Ohio. If for the moment we assume 
a similar preglacial topography in the Backbone area, continental ice 
spreading over the area would destroy the narrow divide between the 
two streams, scour out their valleys and give us the present feature. 

Essentially, of course, this is a modification of hypothesis 3, making 
ice rather than water the agent. As such it is open to the objections 
already cited. In addition, there is little evidence that continental ice 
had much erosive power in southern Indiana. Bed rock is not striated, 
nor is it stripped of its regolith in places. Furthermore this is close to 
the southern limit of glaciation for the continent and that in itself ought 
to mean that the ice had little erosive power. 

Hypothesis 5. Glacial damming and reversal of drainage . 

Fowke® in his “Evolution of the Ohio River” gives considerable 
space to the origin of the Backbone and Trough. He considers that a 
divide existed at the eastern edge of the city of Madison. Ice blocked 
the established drainage east of this divide, causing ponding and eventual 
overflow. Part of this flow found its way through the Hog Trough, but 
more of the flow took a straight and lower course down a hypothetical 
Milton Creek that enlarged to fake all the flow of the' Ohio. 

The depth of the Hog Trough Valley, the weathering of its slopes, 
its slightly greater width at its eastern compared with its western end, 

sFowke, Gerard, Evolution of the Ohio River. Hollenbeck Press. Indian¬ 
apolis, 1933. p. 113-119. 
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the barbed drainage and the presence of glacial terraces indicate a 
preglacial eastward flowing stream system. It cannot be the stream 
reversal proposed by Fowke, however, since his divide is east of Madison 
and all the above features are west of the city. 

Just where this divide existed in preglacial time the author is not 
prepared to state. However, the creeks in accord with the present drain- 
age, Happy Valley, Crowe, and Chain Mill, suggest that it must have 
been near the western end of the Backbone. Furthermore it is to be 
noted that the narrowest portion of the divide between the Ohio and the 
Muscatatuck drainage systems lies immediately west of the Hog Trough. 

An hypothesis of glacial damming must consider the possibility of 
stagnant ice filling the Hog Trough during the reversal period. No 
evidence for such stagnation was found in the area. 

Conclusion 

Final judgment on these various hypotheses should perhaps be 
withheld until further evidence is discovered relative to: first, the power 
of a continental glacier to erode near its margin; second, the discovery 
and tracing of buried channels of an eastward and northward flowing 
stream system in preglacial times if such existed. 

The evidence now at hand, however, indicates that a preglacial, east¬ 
ward flowing stream established the Hog Trough Valley. This flow 
was blocked by glaciation. An outlet for the ponded waters developed 
to the south which enlarged to take the flow of the Ohio. 



The Chick Hatchery Industry in Indiana 

W. D. Thoknbury and Jambs R. Anderson, Indiana University 

Introduction 

Artificial incubation has long been practiced, even in the centuries 
before Christ. The Egyptians and the Chinese were known to have 
used earthen ovens for the purpose of hatching eggs, but it was not until 
the nineteenth century that any real improvements were made in the 
methods of artifically hatching eggs. Since about 1870 progress has 
been rapid, and the last twenty years in particular have brought many 
changes. The chick hatchery industry in Indiana has shown the most 
rapid expansion since 1920. Approximately 75% of the commercial 
chick hatcheries of this state began operation after 1920. 

Factors Affecting Location of Hatcheries 

Although the baby chick hatchery industry is found in all of the 
forty-eight states, there is a noticeable concentration of chick hatcheries 
in the North Central and Middle Atlantic states. Iowa, Ohio, Illinois, 
Indiana, and Minnesota, the five leading states in hatching capacity, 
are also five of the leading producers of corn and other grains. An 
abundant supply of grain is indirectly responsible in determining the 
most favorable location for the chick hatchery industry. Table I show¬ 
ing the hatchery capacity, the number of hatcheries, and the percent 
of change between 1934 and 1937-38 for the ten leading states was pre¬ 
pared to show how Indiana ranked, i Of the states listed in the table, 
it will be noted that hatchery capacity has increased most rapidly in 
Indiana. Another noticeable change shown in the table is the decreasing 
number of hatcheries and increasing total capacities for most of the 
states shown; in general this is true for those states having the longest 
period of development. It might also be mentioned in addition to the 
information given in the table that Indiana ranked second in 1934 as 
to the number of chickens on farms. 

The climatic factor is also a very important factor in determining 
the ideal location for a hatchery. The reason for this is the fact that 
the hatchability of the eggs is affected by the climate. It is the effect 
that the climatic conditions have upon the fertility of the eggs, rather 
than the effect upon artificial incubation which is important. The fact 


1 Table I is a partial reproduction of a table presented in a study made by 
Termohlen, W. D., Warren, C. C., and Damson, G. G., “Chick hatchery survey— 
1937-38“, United States Department of Agriculture, Division of Marketing and 
Marketing Agreements, Washington, D. C. 
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Table I—States Leading in the Chick Hatchery Industry 
1934 and 1937-38 



Total Egg Capacity 

Number of Hatcheries 

State 

1937-38 

1934 

Per Cent 
Increase 

1937-38 

1934 

Per Cent 
Change 


1,000 

1,000 





Iowa .. . 

.35,690 

21,535 

65.7 

681 

757 

—10.0 

Ohio . 

.30,831 

27,529 

12.0 

687 

831 

—17.3 

Illinois . 

.29,811 

20,717 

43.9 

542 

600 

— 9.7 

Indiana . 

.28,652 

17,107 

67.5 

540 

609 

—11.3 

Minnesota . . . 

.24,798 

15,497 

60.0 

472 

458 

+ 3.1 

Missouri .... 

. . . .24,713 

18,415 

34.2 

417 

572 

—27.1 

California . . . 

.22,327 

15,720 

42.0 

496 

575 

—13.7 

Pennsylvania 

.18,909 

14,445 

30,9 

592 

635 

— 6.8 

Texas . 

.17,914 

12,524 

43.0 

634 

603 

+ 5.1 

Kansas . 

.17,034 

13,809 

23.4 

414 

595 

—30.4 


that the North Central states have a suitable climate (although not 
necessarily the ideal climate) in combination with other favorable factors 
helps to explain the size and growth of the hatchery industry in these 
states. 

Indiana and the neighboring states have other common advantages 
such as a good system of transportation, a central location, and a 
reputation for fine poultry. Good transportation facilities affect the 
hatchery industry both directly and indirectly. A good system of trans¬ 
portation is essential to any widespread distribution and sale of baby 
chicks, and it is also important in the marketing of poultry products. 
It is quite necessary that baby chicks be transported quickly from the 
hatchery to the buyer, and most Indiana hatcherymen have adequate 
means of transporting their chicks to markets both far and near. In 
respect to prompt delivery, Indiana’s central location is also very 
important in that it allows Indiana baby chicks to reach practically 
every state within 72 hours which is approximately the length of time 
that a chick can live without food after being hatched. 

The poultry industry is an important part of the diversified type 
of farming practiced in this state, and Indiana’s reputation for fine 
poultry is beneficial to both the poultry raiser and the hatcheryman. 
The poultry raiser is also important to the hatcheryman as a source of 
hatching eggs. In the- past these eggs have been supplied mostly by 
the poultry raisers situated near the purchasing hatchery; however 
the larger hatcheries in particular often find the local supply inadequate, 
and consequently they have to rely upon eggs from other localities 
to supplement the local supply. Many hatcheries now send trucks 
out as far as fifty to a hundred miles from the hatchery to collect 
hatching eggs from farmers who have agreed to cooperate with the 
hatcheries by maintaining a good flock of poultry and by properly caring 
for their eggs in return for which they receive a higher price. 
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Geographical Distribution 

Hatcheries are to be found in every county excepting Brown. 
(Fig. 1.) In no large section of the state does there seem to be a 
decided concentration or absence of hatcheries. However, a map which 
merely shows the distribution of the chick hatcheries does not give a 
complete picture of the hatchery industry in Indiana. Figure 2 pre¬ 
senting the total hatchery capacities by counties indicates the concen¬ 
tration of incubator capacity in certain counties, particularly in Harrison 
and Dubois counties. It may also be observed from this map that 



Fig-. 1. Distribution of Hatcheries in Indiana—1939. 

hatchery capacity is somewhat more evenly distributed in the northern 
counties than in the southern. Again Figure 3 showing the distribution 
of hatcheries having an incubator capacity of 100,000 or more is added 
evidence that there is a disproportionally large hatchery capacity in 
Harrison County. The presence of eight large hatcheries (hatcheries 
having a capacity of 100,000 or over) plus ten smaller ones having a 
total incubator capacity of 2,548,000 in a single county needs explana¬ 
tion, Nearness to Louisville which serves as a gateway to the fairly 
large southern market is undoubtedly responsible to some extent for 
the concentration of hatcheries in Harrison County. The presence of a 
southern market for baby chicks hatched in Indiana is due in part to 
the fact that the hatchery industry is not very well developed as yet 
in most of the southern states. Another condition favorable to the 
Harrison County hatcheries is the presence of a railroad connecting 
Louisville (via New Albany) with Ramsey, New Salisbury, and other 
towns in which large hatcheries are located. However, at the present 
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time the hatcheries situated along this railroad are very much concerned 
about the possible discontinuation of daily train service. The removal 
of daily trains would be a great handicap to Harrison County hatcheries. 

Still another advantage for Harrison County is the favorable climate, 
an advantage that is also present in the other southern counties. Some 
of the Harrison County hatcherymen claimed that their hatchability 
was 10% better than for hatcheries located either to the north or to the 



Fig. 2. Distribution of Incubator Capacity by Counties—1939. 

Fig. 3. Distribution of Hatcheries with Capacity over 100,000—1939. 


south. This boast was not altogether an idle one, for the returns from 
the questionnaires showed that the hatchability for the southern counties 
of Indiana was 4.5% better than for the northern counties. Although 
several counties in southern Indiana do not have large hatchery capa¬ 
cities, it is reasonable to believe that this condition is due to factors 
rather other than climate; for practically all of southern Indiana has 
a very favorable climate for the poultry and chick hatchery industries. 
Even after all of these favorable conditions have been considered, they 
do not seem to explain fully the predominance of Harrison County over 
the surrounding counties. Consequently it is reasonable to believe 
that an early start is in no small part responsible for the large hatchery 
capacity in Harrison County. H. W. Davis established the first hatchery 
at Ramsey in 1900, which was several years prior to the period of 
greatest development in the hatchery industry. 

For the hatching season of 1937-38 Harrison, Dubois, and Floyd 
counties, the top-ranking counties in incubator capacity for the entire 
state, had a combined total capacity of 4,953,600 or 18% of the incubator 
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capacity for the whole state. Only two other counties in the state besides 
Harrison have more than two hatcheries having an incubator capacity 
of 100,000 or over; Dubois and Tippecanoe counties each have three 
hatcheries in this class. The largest hatchery in the state is located at 
Huntingburg in Dubois county. Incidentally it might be mentioned 
that the owner of this hatchery first operated a hatchery at Milltown 
in Harrison Gounty. 

In comparing the distribution of chickens with that of incubator 
capacities, it was discovered that the counties leading in the number 
of chickens on farms do not necessarily have a large hatchery capacity; 
but there was also evidence that in general the counties having large 



Fig. 4. Ratio of Incubator Capacity to Poultry Population—1939. 

incubator capacities were among those counties which had large num¬ 
bers of chickens. However, as shown in Figure 4, for some counties 
having large incubator capacities there was a much greater capacity 
for producing baby chicks than there were chickens in the county. This 
particularly was true of Floyd, Harrison, Marion, Dubois, and Vander- 
burg counties; consequently there is a large surplus of baby chicks in 
these counties which is usually sent to other counties or even to other 
states. 

Because of the concentration of the poultry industry in north¬ 
eastern Indiana, the hatcheries in the northern section oi the state 
have had to cater to farmers and poultry raisers who have been de¬ 
manding higher quality chicks; therefore it is not surprising that there 
are more hatcheries selling pullorum tested chicks in the northern half 
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of the state than in the southern half. The influence of Purdue is 
perhaps even more important in regard to pullorum testing as is shown 
by the fact that approximately 25% of all of the pullorum tested 
hatcheries in the entire state are located within a radius of 25 miles 
of Lafayette. Of all hatcheries in the southern half of the state, 10% 
were approved pullorum tested hatcheries, while 18% of the hatcheries 
in the northern half had such a rating. 

While climatic conditions are more favorable in the southern counties 
for the hatchery industry, the northern hatcheries are located in a 
more fertile agricultural region having more poultry on the farms and 
a better network of highways and railroads. Therefore, it is not sur¬ 
prising to find that while Harrison, Dubois, and Floyd counties are 
the largest producers of baby chicks, the northern half of the state 
has almost as large a total incubator capacity as the southern counties; 
however the incubator capacity is much more evenly distributed in 
northern Indiana, (Fig. 2.) 

Hatching Efficiency 

Another important aspect of the hatchery business is the efficiency 
of the operating hatcheries. The word efficiency as used here includes 
the hatchability of the eggs set, period of the year during which the 
hatchery operates, and the extent to which the capacity of the hatchery 
is utilized. The results from the questionnaire showed that the average 
hatchability for the state as a whole was 69,2%. For the northern 
counties the average was 67.2% and for the southern counties, 71.6%. 
Most hatcherymen consider 70 to 80% a very good hatch. The difference 
in climate between the northern and southern parts of the state is 
perhaps the most important reason for the higher hatchability in the 
southern counties. In view of the fact that weather affects the hatch- 
ability of the eggs, there are some months during the year when the 
hatchability is higher. 84% of the hatcherymen questioned designated 
April and May as the best months for the hatching of eggs. It is 
indeed fortunate for the hatchery industry that the best results are 
obtained during the period of greatest demand. April, May, and March 
respectively are the busiest months for Indiana hatcheries, and 63% 
of the hatcheries questioned stated that April was their busiest month. 
Because of this seasonal fluctuation in the demand for baby chicks, about 
one-half of the hatcheries do not operate during the full year. In 
general, the smaller hatcheries less frequently operate throughout the 
entire year. 

Closely related to the seasonal nature of the hatchery business is 
the extent to which the incubator capacity of the hatcheries is utilized. 
It was found that the mean ratio for all of the hatcheries was 3.43. 
Since the incubator capacity is utilized on the average of 3.43 times 
each year, which is a higher utilization of hatchery capacity than for 
the three states surpassing Indiana in hatchery capacity, Indiana ranked 
second in 1937-38 in the production of baby chicks with a total of 66 
million chicks. 
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Marketing of Baby Chicks 

While the baby chick industry is well scattered throughout the 
United States, there is nevertheless a very uneven distribution of the 
industry which gives rise to a great deal of interstate commerce in 
baby chicks. This interstate selling of baby chicks is possible largely 
because of the fact that baby chicks can live without nourishment for 
72 hours after being hatched, the classification of baby chicks as parcel 
post matter in 1918, and the specialization in the raising of certain 
breeds in different sections of the country. Specialization has increased 
interstate trade in baby chicks because the poultry raiser prefers to 
buy his chicks from hatcheries producing the best chicks of the breed 
which he desires. Indiana has not specialized particularly in either 
heavy or light breeds; however there appears to be a greater preference 
for the heavier breeds in this state, although Leghorns are found on 
many farms. Barred Plymouth Rocks, White Rocks, and Leghorns re¬ 
spectively were by far the most common breeds demanded by buyers 
of chicks. 

Although Indiana has a good home demand for baby chicks, the 
hatcheries in this state send many chicks to other states. In 1937-38, 
39.7% of the hatcheries in the state were selling baby chicks in other 
states. The large hatcheries do much more interstate selling than the 
smaller hatcheries. It is very significant that hatcheries in the southern 
part of the state sell about 41% of their chicks in other states while 
the northern hatcheries sell only about 11%. This is due to a better 
home market in the northern counties, and to the existence of closer 
out-of-state markets in the southern part because of the nearness to 
the southern states which are good buyers of Indiana chicks at the 
present time. States in which Indiana hatcherymen reported frequent 
sales were Ohio, Illinois, Michigan, Wisconsin, Pennsylvania, New York, 
South Carolina, Georgia, North Carolina, Arkansas, Tennessee, New 
Jersey, Alabama, West Virginia, Iowa, Missouri, Mississippi, Texas, 
Louisiana, Florida, and Virginia. 

Conclusions 

Some of the more important conclusions that are the result of this 
study are: 

1. Chick hatcheries are widely scattered throughout the state, but 
there is a noticeable concentration of hatchery capacity in Harrison 
County, while Dubois and Floyd counties also rank high. The chance 
factor probably explains the preeminence of Harrison County, but there 
are certain advantages to be found in these southern Indiana counties. 
Direct rail connections with Louisville, nearness to the southern market, 
and a good climate are factors favoring these counties in baby chick 
production. 

2. The southern counties of the state have a higher hatchability 
than the northern counties which may in part be attributed to more 
favorable climatic conditions. 
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3. The southern states and the states adjoining Indiana are the 
best buyers of Indiana chicks, but chicks are also sent to many other 
states as well. 

4. Favorable geographical conditions have made Indiana and the 
surrounding states excellent for the hatchery industry, but in respect 
to distribution of hatcheries within this state it is evident that with the 
exception of two or three of the southern counties there is no section of 
the state having so many more favorable conditions as to make it out¬ 
standing over other parts of the state in the chick hatchery industry. 



The Operation of the Basic Wind System 

A. V. Lott, Sellersburg 

In a former paper (1) which was presented before this group the 
writer suggested that the general circulation of the atmosphere may 
be divided into individual units, all of which are formed according to 
the same general pattern. It is the purpose of this paper to discuss 
in greater detail the formation of these units, to show that the general 
features of one unit are similar to the general features of any other 
unit, and to describe the operation of the basic wind system which is 
suggested by the observed phenomena. 

Early studies of the atmosphere were usually confined to the at¬ 
mospheric layer which lies just above the earth’s surface, that is, the 
troposphere. The observed movements in the troposphere indicated that 
the general circulation was probably a gravitational movement which 
was induced and maintained by the great temperature inequality be¬ 
tween the equator and the poles. Later studies indicated that this early 
conception of the circulation was no longer tenable. Scientists found 
evidence which suggested the existence, in the upper atmosphere, of a 
circulation which was a “mirror reflection” (2) of the circulation in 
the troposphere. It seemed that the warm air of the equatorial region 
did not rise to the top of the atmosphere and flow away as an overflow, 
as was formerly believed, but rather, it moved upward until it met a 
cold current which descended from above. The two currents then com¬ 
bined at an intermediate level and flowed back toward the poles. 

This particular type of circulation has never been adequately ex¬ 
plained. However, it does imply that there must be a level of equal 
pressure at the intermediate altitude and, indeed, such a level is known 
to exist at approximately twenty kilometers above the earth’s surface (2). 

The high temperatures in the equatorial region cause the air in 
that region to expand. Expansion causes increasing pressure. The 
pressure continues to increase until the expanding air breaks through 
at some point of least resistance and flows away into a region of lower 
pressure/ The points of least resistance in the equatorial region are 
found at intermediate altitudes rather than at the top of the atmosphere. 
Expansion must continue as long as the sun continues to shine upon 
the earth. Continuous expansion causes continuous pressure. Conse¬ 
quently, the air of the equatorial region is forced out of that region 
by continuous pressure. Therefore, it seems that the air which 
leaves the equatorial region through the antitrades cannot be compared 
to an overflow. These air-flows are more nearly like streams which 
are forced out under great pressure. This idea has not received due 
consideration hitherto, yet it seems to contain tremendous possibilities 
for productive research. 

When a stream which moves under pressure flows out into a region 
of relatively quiet air it causes the air from the quiet area to be drawn 
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in toward the moving stream, while in its terminal area the stream 
tends to spread out in a fan-like or delta-like formation. This tends 
to produce a great eddy upon each side of the moving stream. The 
eddy that forms upon the right has a clockwise motion while the one 
that forms upon the left has a motion that is anticlockwise. .Thus, a 
single atmospheric stream which is forced out of the equatorial region 
under pressure forms, somewhere in the higher latitudes, a great eddy 
which rotates with a clockwise motion and another great eddy whose 
motion is anticlockwise. A single stream with its two great eddies forms 
a unit of circulation. 

A single unit of circulation covers an area of the earth's surface 
which is measured by approximately 120 degrees of longitude. How¬ 
ever, the earth's surface is divided into 360 degrees of longitude. This 
suggests the probable existence of three units of circulation in each 
hemisphere, or a total of six units in the two hemispheres. 

In the northern hemisphere the great eddies of the Pacific unit 
may be identified as the Pacific high and the Aleutian low; the great 
eddies of the Western unit may be identified as the Bermuda-Azores 
high and the North Atlantic low; and the eddies of- the Eastern unit 
may be identified with the Asiatic high and a low which lies over western 
Siberia. The Siberian low is not as highly developed as the others 
because it lies over a land area, yet its existence may be recognized by 
statistical studies of the circulation (3). In the southern hemisphere 
the following eddies are paired together in their respective units: the 
south Pacific high and a low over the Ross sea in the Pacific unit; the 
south Atlantic high and a low over the Weddell sea in the Western unit; 
and a high over the Indian ocean and a low which is believed to lie 
near Enderby land in the Eastern unit. 

The existence and the positions of all these pressure formations 
except the two lows of the Eastern unit are a matter of common 
knowledge. The position of the Siberian low may be determined by 
statistical studies of the circulation while the existence of a low near 
Enderby land will doubtless be verified when further exploration is 
made in that region. The approximate positions of the six pairs of 
eddies are shown in Figure 1. It may be observed that these general 
features, that is, the great eddies, of one unit are similar to the great 
eddies of any other unit except as they may be modified due to varia¬ 
tions in the earth's surface. 

The unceasing circulation of air around the anticyclonic centers 
of action of each hemisphere tends to draw the air away from the 
region which lies between two adjacent anticyclones. This reduces the 
pressure within the region and the area then tends to develop into a 
cyclonic area. Thus cyclonic areas tend to develop on the tropical 
side of the anticyclonic centers of action, one area developing between 
two adjacent anticyclones. This produces three areas in each hemi¬ 
sphere which are favorable for the formation and development of tropi¬ 
cal cyclones of the permanent, semi-permanent, or migratory type. The 
approximate positions of these tropical cyclonic areas may be determined 
by studying Figure 1. They lie near and extend below the tropics and 
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are found between any two adjacent anticyclones. It may be observed 
that four of the six tropical cyclonic areas lie over a water surface. 
Consequently, they are about equally developed and the storms of one 
area are similar to the storms of any other area. The other two areas lie 
mostly over land surfaces. Therefore the individual storms do not develop 
to an intensity which is comparable to the storms which develop over a 
water surface. These tropical cyclonic areas, like all other general 
features of the units of circulation, are separated by approximately 120 
degrees of longitude, and this particular feature of one unit is similar 



Fig. 1. This shows the approximate positions of the two great eddies of 
each unit of circulation. They may he identified as the great centers of action 
of the general circulation. The actual positions are subject to seasonal and 
other variations as explained in the text. 

to the corresponding feature of any other unit except as modifications 
are introduced due to variations in the earth's surface. 

The tropical cyclonic area of each unit is connected with the extra- 
tropical cyclonic area of the same unit by a pressure trough which, 
in the northern hemisphere, extends in a southwest to northeast direc¬ 
tion between the two pressure areas. The pressure trough of the 
Western unit extends in a southwest to northeast direction across the 
United States; the trough of the Eastern unit extends in a southwest 
to northeast direction across Europe; and the corresponding formation 
of the Pacific unit extends in a southwest to northeast -direction across 
eastern Asia and the western Pacific ocean. 

Similar pressure formations occur in the southern hemisphere. The 
approximate positions of these pressure troughs are shown in Figure 2. 
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Note that they are separated from each other by approximately 120 
degrees of longitude. Many disturbances which form in the tropical 
cyclonic areas pass through these pressure troughs into the extra-tropical 
cyclonic belt. 

Another outstanding feature of the general circulation has been 
called the continental anticyclone. The term “continental anticyclone” 
is not satisfactory because it gives the impression that the continent 
is in some way responsible for the existence of the pressure area. In 
reality, this type of pressure area seems to be a part of the basic wind 
system and as such it must form in exactly the same position even though 
the continent did not exist. The continental area seems to act only 



Fig. 2. The tropical and extra-tropical cyclonic areas of each unit are 
connected by a pressure trough. The illustration shows the approximate posi¬ 
tions of the six great pressure troughs of the basic wind system. The actual 
positions are also subject to variation. 

as a modifying factor. Indeed, surface conditions seem to act as modify¬ 
ing factors of all formations of the basic wind system. 

Continental anticyclones may be divided into three classes as fol¬ 
lows: true centers of action, anticyclonic air-flows, and stationary anti¬ 
cyclones of migratory type. The first class is well illustrated by the 
Asiatic anticyclone which develops to such great intensity during the 
winter months. The nucleus of this air mass is shown in Figure 1 as a 
true center of action. It has exactly the same origin as the Bermuda- 
Azores high and the Pacific high, both of which lie over a water surface. 
A good example of the anticyclonic air-flow is found in the winter anti¬ 
cyclone which forms over Canada during periods of weak circulation. 
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This pressure area never forms over that region during periods of 
strong circulation (3). This anticyclone is really an air-flow from the 
Eastern unit (Eurasian land mass) which moves northeastward during 
periods of weak circulation and enters North America from the north¬ 
west. A similar air-flow from the Pacific unit (Pacific ocean) moves 
northeast and enters Europe from the northwest. Another similar 
movement occurs in the Western unit (America and western Atlantic 
ocean) and enters Eastern Asia from the northwest. The approximate 
positions of these air-flows during periods of weak circulation are shown 
in Figure 3. Note that they are separated by approximately 120 de¬ 
grees of longitude. It should be understood that this class of “conti¬ 
nental” anticyclones changes its position according to changes in the 
direction of air-flow. When the circulation is strong and the general 
air movement is more nearly from west to east this anticyclone lies 
over the United States rather than over Canada, and the corresponding 
anticyclones of the other units also change their positions accordingly. 

The anticyclones which frequently remain almost stationary over 
the southeastern part of the United States for days or even for weeks 
at a time are good examples of the third class of “continental” anti¬ 
cyclones. These formations seem "to be anticyclonic air masses that 
move along in the anticyclonic air-flow until they reach the eastern 
side of the pressure trough. They may remain stagnant at this point 



Fig. 3. The oblique lines represent the paths of anticyclonic air-flows which 
form the so-called “continental” anticyclones. These air-flows, as explained in 
the text, should be traeed on a globe. The elliptical areas represent the approxi¬ 
mate positions of the stationary anticyclones of migratory type. The actual 
positions of the anticyclones and air-flows are subject to seasonal and other 
variations as explained in the text. 
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for several days before moving poleward through the pressure trough. 
The corresponding formations of the other units lie at approximately 
120 degrees farther east over southeastern Europe and southwestern 
Asia, and 120 degrees farther west over the Pacific ocean just east of 
Japan. Similar pressure formations occur in the three units of the 
southern hemisphere. The approximate positions of these formations 
are shown in Figure . 3. These anticyclones may form either over a 
land or over a water surface. The surface condition is not responsible 
for their formation yet it may cause some modification in their develop¬ 
ment. 

In this study of the basic wind system particular attention should 
be given to one outstanding fact. All prominent pressure formations 
of the general circulation are separated by approximately 120 degrees 
of longitude from duplicate formations which are alike in all essential 
features. In other words, the general circulation may be divided into 
individual units, all of which are formed according to the same general 
pattern. The general features of one unit are similar to the general 
features of any other unit except as they may be modified due to varia¬ 
tions in the earths surface. 

The general features of the several units are essential parts of the 
basic wind system, yet they do not remain permanently in exactly the 
same position. They are known to shift their positions in an east-west 
direction according to weakness or strength in the circulation (3). The 
writer has also observed a shift in a latitudinal direction which seems 
to be far more important than the longitudinal movement. Both move¬ 
ments seem to be associated with a more powerful or less powerful 
sun. A more powerful sun seems to cause the general features of the 
several units to develop eastward and toward the equator, while a less 
powerful sun causes them to develop westward and toward the poles. 

The observed phenomena suggest that the basic wind system con¬ 
sists of six units of circulation which are formed by atmospheric streams 
that are forced out of the equatorial region under considerable pressure. 
Similar streams which are produced in a similar manner form units of 
circulation that are alike in all essential features. Similar units of 
circulation tend to produce similar weather and similar climatic con¬ 
ditions in corresponding areas of the several units except as those con¬ 
ditions may be modified due to variations in the earth's surface. 

This conception of the basic wind system should aid in the solution 
of many problems that confront meteorologists, climatologists, geog¬ 
raphers, geologists, archaeologists, and workers in other sciences which 
are either directly or indirectly affected by weather and climate. 
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ABSTRACTS 

Atmospheric electricity and meteorological phenomena. James F. 
Mackell, Indiana State Teachers College.—Experiments are being con¬ 
ducted in an effort to determine the relationship which may exist be¬ 
tween atmospheric electrical phenomena and certain meteorological 
phenomena, such as barometric pressure, relative humidity, temperature 
and sunshine. The method being employed makes use of an alpha ray 
electroscope designed for the purpose, an alpha ray source, and other 
similar apparatus. Measurements of the electric potential-gradient at 
points in the vicinity of Terre Haute and also of the electrical conduc¬ 
tivity of the atmosphere at these points with simultaneous measure¬ 
ments of a meteorological character are being made. Data obtained so 
far are insufficient for final conclusions but indicate a positive rela¬ 
tionship. 

Continuation of investigations on radioactive manganese. Allan C. 
G. Mitchell, Paul W. McDaniel and L. M. Langer, Indiana University. 
—Using strong sources of Mn 68 (2.5 hours) produced by neutrons from the 
Indiana University cyclotron, we have repeated our earlier work on the 
beta and gamma rays from this element. Absorption of Compton elec¬ 
trons in aluminum gives a gamma ray energy of 2.1 MV. In addition 
experiments on the absorption of gamma-gamma coincidences by lead 
indicate that there is a gamma ray of lower energy. Our earlier ex¬ 
periments on beta-gamma coincidences have been extended, using thin- 
walled counters, so that electrons with energies as low as 70 k.v. can be 
counted. These experiments are in good agreement with our earlier ones 
and show that the beta ray spectrum is complex, consisting of two 
groups. No evidence for a third group at low energies has been found. 

The shape of forbidden beta distributions. E. J. Konopinski, 
Indiana University, and G. E. Uhlenbeck, University of Michigan.— 
The well known lack of uniqueness of present day beta theory can not 
be eliminated by using evidence provided by measurements of allowed 
beta spectra. On the other hand, the various formulations of the theory 
give distinct results for forbidden beta spectra. These were computed 
for the five so-called “fundamental” forms which the theory can be 
given, for first and second forbidden beta transitions. Comparison with 
experimental energy distribution seems to eliminate all but two forms 
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of the theory, the “polar vector” and the “tensor”. Even in these cases 
the theory predicts more beta particles near the upper limit than the 
experiments show, although the difference is still probably within the 
experimental error. One encouraging result is that the “K-U” shape 
found for radium E by the experimenters seems now to be accounted 
for by the “forbiddenness” of the activity. 

Radiations from radioactive gold, tungsten and dysprosium. 
Arnold F. Clark, Indiana University.—The radiations from radio¬ 
active gold (2.7 days), tungsten (24 hours) and dysprosium (2.5 hours) 
have been studied by means of coincidence counting methods. The gold 
and dysprosium were made active by neutrons produced in the Indiana 
University cyclotron. The radioactive tungsten was produced both by 
neutron capture and by bombarding it with 10 MV deuterons in the 
cyclotron. The beta ray end point of Au 1 ® 8 was found to be 0.87 MV by 
absorption in aluminum. Both beta-gamma and gamma-gamma coin¬ 
cidences were found and the data led to the conclusion that there are two 
gamma rays per disintegration. The data suggest that the beta ray 
distribution is simple and that the beta disintegration does not lead to 
the ground state. The beta ray end point of W 187 was found to be 
approximately 1.3 MV. A gamma ray was also found whose energy 
was 0.9 MV. Gamma-gamma coincidences were found. The beta-gamma 
coincidence rate depended markedly on the energy, being zero for 
electrons of energy greater than 0.55 MV. The beta ray spectrum of 
W 187 is complex with end points at 1.3 and 0.55 MV. A satisfactory 
level scheme can be deduced. It is shown that dysprosium emits a gamma 
ray of about 1.1 MV. Coincidence experiments were inconclusive. 

The production, diffusion, and decay of mesotrons. J. F. Carlson, 
Purdue University.—The recent work of Schein, Jesse, and Wollan has 
shown quite conclusively that the primary cosmic radiation is predomi¬ 
nantly, if not entirely protonic in nature. On this basis a phenomeno¬ 
logical set of equations has been set up to describe the production, 
diffusion and decay of the resultant mesotron component. The inter¬ 
pretation of these equations and their solutions will be discussed, and 
comparisons with the experiments will be made. 

On the deceleration of heavy ions. J. H. M. Brunings and J. K. 
Knipp, Purdue University.—In the calculation of the momentum loss of 
a heavy ion in its passage through matter, an estimate is needed of the 
charge of this ion as a function of its velocity. The process of capture 
and loss of electrons in collisions is characterized by the velocity within 
the ion of the electron or electrons participating. This velocity is 
roughly proportional to the ion velocity. The factor of proportionality 
is introduced as a convenient parameter 7 . Two methods are used to 
estimate the charge of the ion: ( 1 ) It is supposed that the characteristic 
velocity is that of the energetically most easily removable electron, 
which is calculated using the Thomas-Fermi model. Under this assump¬ 
tion 7 tends to increase with atomic number (7 = 1.3 for z = 6 to 
7 = 1.8 for z = 55). ( 2 ) It is supposed that the characteristic velocity 
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is that of the outermost electron, which is also calculated from the 
Thomas-Fermi model, y is found to decrease with atomic number 
(7 ss 0.6 for z = 6 to 7 = 0.35 for z = 55). The characteristic 
velocity probably lies between these extremes. 

Hysteresis of wood. R. B. Abbott, Purdue University.— A simple 
method has been devised for measuring the hysteresis of wood or other 
material. It consists in measuring the displacement by some accurate 
gauge for each load given to a bending beam. When this operation is 
continued through a complete cycle, the loss in energy per cycle can 
be computed very accurately from the data. 



On the Oscillation of Coupled Circuits 

R. R. Ramsey, Indiana University, and Leolin E. Long, Peru 

“In 1892 Nicola Tesla captured the attention of the whole scientific 
world by his fascinating experiment on high frequency electric current.”* 
In 1895 A. Oberbeck^ published an article “Ueber den Verlauf der 
Electrichen Schwingungen bei den Tesla’schen Versuchen.” Oberbeck’s 
article is given in much detail on page 208 of Fleming’s Principles. On 
page 200 Fleming suggests the coupled pendulum as an analogy to the 
coupled electric circuits. 

Oberbeck set up two equations, one for the primary circuit and a 
second for the secondary circuit using resistance, inductance, capacity 
and mutual inductance. Finally, by assuming the resistance to be zero 
he arrived at two values for the frequency of the coupled electric 
oscillator. Slater and Franks give practically the same mathematical 
reasoning, but in a shorter and neater form, in which they set up the 
mechanical equations for coupled pendulums and suggest the electrical 
circuits as an analogy. Oberbeck, and Slater and Frank use the terms 
coupled pendulum and coupled circuits, but do not use the terms close 
or loose. Apparently they think that the degree of coupling is imma¬ 
terial. 

Slater and Frank neglect friction and leave out the middle or 
damping term in their equations and say the pendulums are undamped. 
However, they assume that energy is transferred from one pendulum 
to the other. Apparently, they assume that because the frictional term 
is left out of the equations they are dealing with undamped motion in 
spite of the fact that the amplitudes are continually changing. They 
are in reality dealing with damped motion since the pendulums alter¬ 
nately deliver and receive energy, one from the other. Their conception 
of coupled oscillators is the same as that of Oberbeck, in 1895, who was 
familiar with Tesla coils of that time which were tightly coupled. This 
seems to be the present conception of many physicists, if we can take 
Slater and Frank’s book as being a fair exposition of theoretical physics. 

It is interesting to see how the conception of radio workers has 
changed since 1895. If one examines the subject of coupling in texts 
on wireless or radio one finds a continuous change of ideas from 1895 
up to the present time. In 1915 Fleming* uses the term close and loose 
coupling. However, the distinction was one of degree. If the coupling 

1 Fleming, J. A., 1906. The principles of electric wave telegraphy, Longmans 
Green and Co., London, p. 421. 

2 Oberbeck, A., 1895. 'Ueber den Verlauf der Electrichen Swingungen bei 
den Tesla’schen Versuchen, Wied. Ann. der Physik 55:623. 

* Slater, John C„ and Frank, Nathaniel H., 1933. Introduction to theoretical 
physics, McGraw-Hill Co. p. 10T. 

4 Fleming, J. A., 1915. The wireless telegrapher’s pocket book. The 
Wireless Press, Marconi House, Strand, London W. C. p. 160. 
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coefficient, M (LiL a ) % , was less than 0.1 the coupling was said to be 
loose; if greater than 0.1 the coupling was said to be close. In 1920 
George W. Pierces uses the terms “sufficient” and “deficient” and “criti¬ 
cal” coupling—critical coupling being when M 2 w 2 == R 1 R 2 , deficient being 
when the mutual inductance is such as to make the first term less than 
the second, and sufficient being when the first term is greater than the 
second. Later, radio books use the terms critical, loose and close coupling, 
the definitions being the same as critical, deficient and sufficient, as 
defined above. 

'In the above it is assumed that with critical and loose coupling 
there is one frequency only, and with close coupling there are two fre¬ 
quencies. Lauer and Brown, first edition, 1920, 5 6 7 * 9 state that “There are 
two frequencies when the circuits are closely coupled.” In the second 
edition, 1928,7 they state that “The case of two closely coupled circuits 
is very complicated.” 

Zenneck and Seeligs in 1908 say, “Under conditions of close coupling 
two distinct oscillations, the so-called ‘coupling oscillations’ are produced 
in both the primary and the secondary circuits.” August Hund^ in 
1935 says, “There is only one frequency in the system in the case of 
C.W., and that is an essential difference between tube oscillators and 
the spark-gap oscillator for which two frequencies exist simultaneously.” 
We, in 1941, according to the experiments given below wish to go one 
step farther, and postulate that all oscillators, tube or damped wave, 
oscillate at one frequency at any particular instant. The above is a 
representative set of quotations taken from books written by radio men. 
Many other quotations could be given. Radio men have been close to 
experiment and have gradually changed their ideas of coupling and 
coupled oscillators. Radio engineers, being interested in results, have 
gradually changed their ideas but the change has been so gradual that 
no one has noticed or has been sufficiently interested in the change to 
call attention to it. 

From 1895 up to about 1915-20, all wireless communication was by 
means of spark or damped waves. All experiments of the early times 
apparently gave two frequencies at first and later when looser coupling 
was used it was found that only one frequency appeared. After vacuum 
tube oscillators came into use there was noted a sudden change or flop 
in frequency if the coupling was too close. 

This , paper deals with the mode of oscillation of tube circuits, or 
C.W. circuits, and gives a proposed explanation of the reason for the two 


5 Pierce, George W., 1920. Electric oscillation and electric waves, McGraw- 
Hill Co., p. 167. 

0 Lauer, Henri, and Brown, Harry L., 1920. Radio engineering principles, 
First Edition, McGraw-Hill Co. p. 68. 

7 Lauer, Henri, and Brown, Harry L., 1928. Radio engineering principles. 
Second Edition, McGraw-Hill Co. p. 202. 

* Zenneck, J. and Seelig, A. E., 1915. Wireless telegraphy, McGraw-Hill 
Co., p. 88. 

9 Hund, August, 1935. Phenomena in high frequency circuits, McGraw-Hill 
Co. p. 202. 
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frequencies found with spark apparatus. We wish to emphasize the 
fact that the coupled pendulum experiment is a case of damped motion, 
even if the frictional terms are omitted, as in Slater and Frank, loc. 
cit. The pendulum delivers or receives energy and the amplitude changes 
and we have a case of damped motion. 

Suppose we have a simple Hartley tube oscillator, Figure 1, and 
connect a simple wave-meter circuit (2) by means of a two-coil link 
circuit (1), making the coupling between oscillator and link (1) 
loose and the coupling between circuit (1) and circuit (2) variable. By. 
changing the distance between (1) and (2) and reading the radio fre- 




Fig. 1. Diagram of tube oscillator with link circuit (1) and wave-meter 
circuit (2). The only way to get a smooth double humped curve with a tube 
oscillator is to couple loosely the oscillator to the circuit (1) and couple closely 
circuits (1) and (2) and then vary the frequency of the oscillator and read 
the current in circuit (2). 

Fig. 2. Curve showing the current output in circuit (2) as the coupling 
between (1) and (2) is varied by changing the distance between the circuits. 
All three circuits of Figure 1 are loosely coupled and tuned to the same fre¬ 
quency at first. 

quency meter in circuit (2) one gets a curve like Figure 2, the ordinate 
being the current I 2 and the abscissas being distance. In Figure 2 the 
current is small with very loose coupling and increases to a maximum 
at critical, then decreases with closer coupling. It is assumed that all 
three circuits were tuned to the same frequency when both couplings 
were loose. 

If one sets the circuits with critical coupling, or at some point 
looser than critical coupling, and runs a resonance curve by changing 
the frequency of the oscillator one gets a single hump curve. If one 
sets the coupling between (1) and (2) closer than critical coupling and 
repeats, one gets a curve with two peaks or humps. Figure 3 shows 
the two resonance curves. These curves show that a loosely coupled 
circuit is in tune for peak response at one frequency alone. If the 
coupling is made close the coupled circuits (1) and (2) are tuned for 
peak response for two frequencies. If one takes an admittance curve 
by changing the admittance of circuit (2) one gets a curve with a single 
hump. It is impossible to get a smooth double humped curve when 
using a tube oscillator except by means of a procedure which is essen¬ 
tially the same as that given above for the double humped true resonance 
curve. 

If a spark oscillator is used it is possible to get double humped 
resonance curves, and double humped admittance curves when the 
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coupling is close or greater than critical coupling. Due to the sim¬ 
plicity of the procedure in taking admittance curves, most early curves 
were admittance curves and were called resonance curves, since for all 
practical purposes spark resonance curves were the same as spark 
admittance curves. Apparently, closely coupled oscillator circuits pro¬ 
duced or manufactured two frequencies when spark apparatus was used. 

If one omits circuit (1) and couples circuit (2) directly to the tube 
oscillator and increases the coupling beyond critical coupling one gets 
into trouble since the oscillator suddenly changes frequency. Couple 
circuit (2) closely to the tube oscillator, and take an admittance curve 




Fig-. 3. Resonance curves obtained with loose, critical, and close coupling 
between circuits (1) and (2). The frequency of the oscillator is changed. With 
spark oscillators the same type of resonance curves are obtained. With spark 
oscillators admittance curves of the same shape are obtained when the ad¬ 
mittance of circuit (2) is changed. 

Fig. 4. 4A shows the variation of the current in a circuit which is closely 
coupled to a tube oscillator as the tuning of the second circuit is changed. The 
meter suddenly falls to a lower value. 4B shows the change of frequency as 
the tuning of the second circuit is changed. If the oscillator is originally tuned 
to some frequency, 700 kc, say, the frequency changes suddenly from a high 
value to a low value or vice versa. The regions, cd and fe, are metastable. It is 
possible for a closely coupled tube oscillator to oscillate at two different fre¬ 
quencies with the same circuit constants. But it does not oscillate at two fre¬ 
quencies at the same time. 

by changing the capacity, C 3 , in circuit (2). Assume that circuit (2) 
has been calibrated so one knows the frequency of circuit (2) in terms 
of the capacity of the circuit, the coupling to circuit (2) being very loose 
when the calibration is made. With close coupling read the current I 2 
and the capacity C* and one gets a discontinuous curve as in Figure 4A. 
Reverse the order, decreasing the frequency, and one gets a sudden 
change of current but at a different value of the frequency. 

If one plots apparent frequency as indicated from the readings of C a , 
and if one determines the true frequency by means of a wavemeter or 
frequency meter which is coupled very loosely to the oscillator and plots 
this as ordinates, one gets a curve like Figure 4B.*o The apparent 

10 This curve was worked out in our. laboratory by Wilbur L. Chenault. 

Curve 4B is much like a part of the theoretical curve of Chaffee. Chaffee, 
E. Leon, 1924. Regeneration in coupled circuits, Proc. I. R. E. 12 : 347 . 
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frequency as measured in terms of C 2 is plotted as abscissas and the 
true frequency as measured by the loosely coupled frequency meter is 
plotted as ordinates. As one increases the apparent frequency one gets 
the broken curve abcdgh. If the apparent frequency is decreased one 
gets the curve hgfeba as indicated. Thus it appears that it is possible 
under certain conditions for the closely coupled oscillator to oscillate at 
two different frequencies with the same circuit constants. However, the 
oscillation has only one frequency at any one time. Certain conditions 
are metastable and others are stable. If the oscillator is oscillating in 
the region of cd, say, and the power is thrown off and then thrown on 




Fig. 5. This is the same as Figure 4 except that the tube has ac potential 
on the plate. The tube starts and stops oscillating 60 times per second. There 
is no metastable oscillation. 

Fig. 6. Admittance curves with link circuit tuned and detuned. Curve a, 
link circuit tuned to resonance 700 kc. Curve b, link detuned to 690 or 710 kc. 
Curve c, link detuned to 680 or 720 kc. Curve d, link detuned to 670 or 730 kc. 
Maximum response is obtained at the frequency of the tube oscillator which is 
700 kc. 

again the oscillations will be in the stable region near gf. If oscillating 
near e and the power is interrupted, the oscillator will be near b, To 
have the oscillator oscillating in the metastable regions it is necessary 
to start in the stable region and gradually change to the metastable by 
changing the condenser C 2 . If one has a variable frequency oscillator 
made by rapidly changing the variable condenser in the oscillator 
circuit from one value to a second, periodically, then peak response in 
circuit (2) can be found at two different settings. Of if one has closely 
coupled circuits as (1) and (2) and exposes them to a rapidly recurring 
band of frequencies the closely coupled circuits will pick out and em¬ 
phasize the two frequencies to which the closely coupled circuits are 
tuned. 

In the above experiments it is assumed that the plate potential on 
the tube is a continuous direct current potential. If the potential on the 
oscillating tube is that of 60 cycle alternating current the curves 
obtained are as in Figure 5A and Figure 5B. Since the oscillating tube 
is stopping and starting 60 times per second there is no metastable 
condition. 
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As stated before, the frequency of the current found in the coupled 
circuits depends on the oscillator and not on the coupling of the circuits. 
This is shown by the following: if in Figure 1 the link circuit (1) is 
detuned the frequency as measured by circuit (2) is the same as when 
(1) is tuned to the oscillator. The intensity of the current I 2 is dimin¬ 
ished by the detuning but the frequency is constant. Figure 6 shows 
admittance curves taken by changing the capacity C a in circuit (2) 
when the link circuit was tuned to the frequencies indicated in Figure 6. 
The frequency is that of the oscillator which is constant at 700 KC. 





Fig. 7. Figure 7A is obtained with the same general set up as that of 
Figure 6, except that the oscillator is a spark oscillator. The position of peak 
response is given by the small peaked curves. Figure 7B, lower line, gives 
the frequency to which the link was tuned while the upper line gives the fre¬ 
quency at which maximum response was obtained. The oscillator gives a hand 
of frequencies whose maximum electromotive force is near 700 kc. The im¬ 
pedance of the link is a minimum at the frequency to which the link is tuned. 
The maximum current is obtained at some intermediate frequency. 

Fig. S. This is much the same as Figure 7 except the spark oscillator is 
closely coupled and the curve has two peaks. The closely coupled circuits em¬ 
phasize or pick out two frequencies of the band of frequencies which the spark 
oscillator produces. SB shows the frequency at which the link circuit is tuned 
and also the frequency at which the frequency is obtained. SB corresponds to 
7B. 


If instead of a tube (C.W.) oscillator a spark or damped wave 
oscillator is used the admittance curves are as in Figure 7. In this 
there is a shift with the detuning of the link circuit. However, the peak 
of the curve does not appear at the frequency to which the link is tuned. 
Figure 7B, lower line, shows the frequency to which the link was 
tuned and the upper line shows the frequency at which maximum current 
was obtained. Figures 8A and B show the corresponding results for a 
close coupled spark oscillator. The shifts are always toward the peaks. 

Explanation of the results. It is seen that a tube oscillator, whether 
loosely or closely coupled, oscillates at one frequency at any one time. 
When the tube oscillator is closely coupled to another circuit it is 
possible under certain conditions to oscillate at two frequencies with the 
same circuit constants. However, if it is oscillating at one of these 
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frequencies, the metastable frequency, say, it is not oscillating at the 
stable frequency and vice versa. Since closely coupled circuits are in 
tune for peak response at two frequencies at the same time, these two 
frequencies are found provided an oscillator or oscillators in the neighbor¬ 
hood are oscillating at these two frequencies. It is well known that when 
an oscillator is modulated with a sine wave frequency we have amplitude 
modulation in which the amplitude of the carrier wave varies as a sine 
wave with the frequency of the modulation or “voice” frequency. This, 
as is well known, produces two new frequencies—side bands or com¬ 
bination frequencies.!i If the modulation consists of two sine waves 
there are four side bands, two for each frequency. Thus, applying this 
reasoning to the limit, whenever the amplitude varies new frequencies 
are introducd or manufactured. In a spark oscillator or damped wave 
oscillator the amplitude varies logarithmically. This can be thought of 
as being a number of sine waves and a number of new frequencies are 
introduced. In other words, the frequency of a damped wave is not 
single valued but consists of a band of frequencies. 12 A wave meter 
not having great resolving power or selectivity gives a response at some 
average frequency ^where the intensity is a maximum. The detuned link 
circuit increases the resolving power of the measuring circuit for the 
frequency to which the link is tuned. The result with a spark oscillator 
is a response between the frequency of the link and the frequency whose 
intensity is the greatest. If two link circuits are introduced between the 
spark oscillators the response of the wave-meter, although being very 
feeble, is very near the frequency of the link circuits. The curves for 
this are not shown. 

With a closely coupled spark oscillator, since the closely coupled 
circuit is in tune for two frequencies at the same time, the closely 
coupled circuit picks out and emphasizes the two frequencies and we 
have a spark “resonance” curve with two humps. Most of these so-called 
resonance curves are really admittance curves, since the resulting curves 
are very much alike and the process of making admittance curves is more 
simple than that of making resonance curves. 

With single frequency tube oscillators it is impossible to make 
double humped admittance curves, when the circuits are closely coupled. 
With spark oscillators double humped admittance curves are found, not 
because the closely coupled circuits manufactured two frequencies but 
because the damped waves contain a band of frequencies. 

Thus we feel justified in making the assertion that all radio oscil¬ 
lators oscillate at one frequency at any one instant. That the apparent 
two frequencies found in closely coupled spark oscillators are due* to 
the rapid change of frequency due to the flopping from metastable to 
stable states and also due to the fact that new frequencies or side bands 
are produced whenever the intensity or amplitude of the vibration 

\ 4 

» Bragg, Sir William, 1939, Combination tones in sound and light, Proc. Roy. 
Inst. 30, 3:424-433; Nature, 143:542. 

13 Hazel, Herbert C., 1935. Beat notes, combination tones and side bands, 
Phil. Mag. 19 :103. 



244 


Indiana Academy of Science 


changes. Damped waves are those in which the amplitude is changing 
rapidly and the effect of a band of frequencies is shown in our apparatus 
which integrates the effect over a time which is long compared to the 
instantaneous time over which the frequency is constant. 

The mathematics which has been interpreted as showing that closely 
coupled oscillators manufacture two frequencies applies to closely cou¬ 
pled circuits showing that they are tuned for peak response at two 
frequencies. 



The Floating Needle 

Arthur L. Foley, Indiana University 

The writer believes that the water surface films in the case of a 
floating needle are of such small dimensions that they can not be 
directly likened to the films when the floating body is relatively large, 
as, for instance, what are found when a thin walled aluminum tube 
with plugged ends is floated. The shape of the water film next the needle 
is not necessarily the same as may be found next the aluminum tube. 
The surface is not perpendicular to the needle in any case the writer 
has observed. If it were perpendicular to the surface of any body float¬ 
ing with less than half its volume below the surface level, the film would 
pull downward and tend to sink the body, exactly what it does whenever 
the body is wetted. 

In this abstract of a paper to be published later, the author says he 
does not claim, nor does he know of anyone who does claim, that a 
floating needle is supported fully by “a surface tension saddle”. How¬ 
ever, inasmuch as a steel needle is almost eight times as heavy as water 
at the temperature at which floating experiments are usually conducted, 
the water displaced by a floating needle is of much less importance than 
is the upward force of the surface film. 


Figure 1 is a picture of the head end of a needle extending slightly 
beyond the surface of the water on which the needle was floating. The 
water was coaxed to stand a few millimeters above the horizontal ground 
edges of a glass tank, by greasing the edges. The picture was obtained 
by using a camera of 20 centimeters focus when equipped with a lens 
of 2 centimeters focal length. Nothing suggests a 90 degree angle 
between the film and the needle surface. 

Figure 2 is a picture of a greased needle floating on water in a 
white bottomed glass tank about 2 centimeters deep. The picture was 
taken by a camera with a lens of one foot focus, arranged vertically 
above the needle. The needle was illuminated by a small electric bulb 
five feet from the tank, and roughly 20 degrees from the vertical. The 
breadth of the shadow on the white bottom of the tank shows clearly 
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that there was marked refraction of the light rays on the two sides of 
the needle, a condition that would not be expected if the contact surface 
between the film and the needle were 90 dgrees, or even approximately 
90 degrees. 



QMnZtt' QfrcdxA, Z c/m. djufz,. 


Figure 3 is a rough drawing of what more nearly represents the 
writer’s idea of what is shown experimentally in Figure 2. 
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ABSTRACTS 

Relationship between sales ability and ratings of the enthusiasm and 
convincingness of salesmen from their transcribed voices. Paul J. Fay, 
DePauw University.—The voices of fourteen salesmen and fifteen sales¬ 
women from large retail stores were electrically transcribed. Each 
group included both superior and inferior salespersons. The transcribed 
voices were rated for enthusiasm on a seven-point scale by 45 college 
students; they were similarly rated for convincingness by 85 students. 
The corrected reliability coefficients of the ratings of enthusiasm were 
.58 for the men and .68 for the women; the corresponding reliability 
coefficients of the ratings of convincingness were .64 and .60. The 
author believes that trained employment officers would make much more 
accurate and reliable analyses than did the college students. It seems 
probable that the adoption of some practicable method of rating the 
voices of applicants would increase the efficiency of many sales de¬ 
partments. 

An experimental study of transfer of training in a manual motor 
skill. Robert E. Dreher, Indiana University.—Sixty women college 
students were given the placing part of the Minnesota Manual Dexterity 
Test. On the basis of their performances on this test, 25 subjects, chosen 
as the experimental group, were matched with 25 control subjects for 
the study. After a period of two months, the experimental group was 
given intensive training on a second test, the Packing Blocks Test. This 
was followed by a retest for both control and experimental groups on 
the Manual Dexterity Test. A statistically significant difference was 
found between the mean scores of the two groups on the final admin¬ 
istration of the Minnesota Manual Dexterity Test. 
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Generalization and Organization as Factors in Transfer and 
Retroactive Inhibition 

Esther J. Swenson, Ball State Teachers College 

Students of psychology and of education are well aware of the 
voluminous body of research literature concerning the transfer of train¬ 
ing. Many psychologists and a few educators are also showing a grow¬ 
ing interest in the rapidly increasing experimentation on retroactive 
inhibition. Though a majority of the experimenters on retroaction favor 
a transfer theory in explaining their results, very few have attempted 
to study retroactive inhibition and transfer simultaneously. The present 
study represents an attempt to study both of these phenomena, using 
typical school learning materials in an actual classroom learning situa¬ 
tion in arithmetic. 

The chief purpose of this investigation was to observe transfer of 
training and retroactive inhibition as they appeared in the learning of 
the 100 addition facts by second-grade children who had been taught by 
three different methods of instruction, the chief variable among methods 
being the degree of emphasis upon organization and generalization of 
learning. 

The Experiment 

The experimental subjects in this study were 332 pupils from 14 
different second grades in the public schools of the same city. The 
‘schools and individual subjects covered a wide range of ability. Data 
obtained at the beginning of the experiment showed a range in C.A. 
from 70 to 130 months, a range in M.A. from 71 to 114 months, and 
a range in I.Q. from 74 to 146. 

The learning materials for this study consisted of the 100 addition 
“facts”—that is, the direct and reverse forms of all the number combina¬ 
tions from 0 4* 0 through 9+9. These 100 facts were divided into three 
sets, each set being taught during a prescribed period of the study. The 
O (original) set of facts was taught first, the I (interpolated) set next, 
and the F (final) set last. The F set of facts was actually the “inter¬ 
polated” learning material when the I set was considered as the 
“original” learning material. During the time when one of these sets 
of facts was being taught (25 minutes a day for approximately 5 weeks 
for each set), there was no instruction on facts belonging to the other 
two sets. This was necessary in order to have a valid basis for 
measures of retroactive inhibition and transfer among the sets of 
learning materials. 

The classes which participated in this experiment were assigned 
at random to the three different instructional procedures. The Kuhl- 
mann-Anderson Intelligence Test for Grade II (Fifth Revision, 1940) 
was administered to all groups before the experiment began. On the 
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basis of the results of this test, the classes which participated in the 
experiment were assigned to the three different instructional procedures 
by a stratified randomization procedure. 

One very important feature in which all classes received a common 
treatment was that of arithmetic readiness instruction. For a two- 
week period preceding the actual teaching of addition facts all classes 
were given the same general type of instruction in number meanings. 

All teachers were instructed to make no reference to subtraction 
facts or the subtraction process, nor to more advanced types of addition 
examples of the kinds to be tested in the final transfer tests. 

The instructional procedures used by the teachers of each method 
were directed by means of teachers 7 meetings, manuals of instruction, 
and personal supervision by the experimenter. The manuals of instruc¬ 
tion were quite detailed in their explanation of the teaching procedures 
which were consistent with the method being used. Points needing 
further clarification were discussed in the teachers 7 meetings and in 
individual conferences. 

As has been previously stated, the three teaching methods were 
based upon different theories as to how children learn. A few definite 
illustrations as to exact ways in which the theories were applied may 
not be amiss at this point. 

The G (generalization) method was based, as its name implies, 
upon the generalization or meaning theory of teaching arithmetic. 
Teachers under this method were instructed to encourage the children 
to build up interrelationships among facts. For instance, the addition 
facts were first presented to children in groups which were determined 
by some unifying idea or generalization. Examples of such generaliza¬ 
tions are ?To add 1 to a number, count up l 77 or “Adding 0 to a num¬ 
ber does not change the number 77 . These generalizations were not 
dictated to the children as rules to be learned. Bather, the facts 
centered around a generalization were presented in such a way that 
the teacher could, by skillful questioning, lead the pupils to their own 
formulation of the generalization. Typical pupil expressions of the 
two generalizations cited above were “When you add 1, the answer is 
the next number 77 and “When you add 0, the other number stays the 
same. 77 

The meaning theory holds that children should be allowed to 
continue relatively immature methods of arriving at answers so long 
as they need them as aids to understanding. Accordingly, children in 
the G groups were allowed to use counting, partial counting, and de¬ 
pendence upon easier, known combinations to help them get answers, 
though they were encouraged to short-cut such roundabout procedures 
as soon as they could do so without sacrificing understanding. Children 
in the G groups were also allowed to refer to groups of concrete ob¬ 
jects as often as they needed them as aids to solving the abstract 
number combinations. 

Finally, drill or practice was not discarded in the G method. The 
time spent on drill was limited because of the large amount of time 
spent in guiding children to develop the generalizations. Practice on 
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the number facts occurred after the generalizations had been formulated, 
and during rather than before the development of understanding. 

The emphasis placed by meaning theorists upon the organization 
of the number system is represented in the G method by grouping the 
facts around generalizations, by allowing children to derive new num¬ 
ber facts from related ones, by building up the decimal idea in teach¬ 
ing the adding of 10, and by allowing much original manipulation of 
number relations in connection with a miscellaneous set of facts during 
the final instructional period. 

The D (drill) method was based, presumably, upon connectionistic or 
drill theory. Assuming that the learning of each addition fact is a 
discrete “bond” or connection to be formed, the facts under this method 
of instruction were presented as abstract “facts-to-be-learned” in a 
miscellaneous order rather than in any systematic pattern. The order 
of presentation was arrived at by combining the results of three drill 
“difficulty studies,” namely, those by Knight and Behrens, 1 * 3 Thiele ,2 
and Wheeler.s 

According to the oft-repeated warnings of drill theorists in the 
field of arithmetic that children should not be allowed to reason out the 
answers to combinations by roundabout procedures, the teachers of 
D classes were instructed to discourage any counting or other devious 
ways children might use for deriving answers. If a pupil hesitated or 
gave the wrong answer when a combination was presented to him, the 
teacher told him the correct answer, showed it to him, or had him 
refer to a chart or similar “authoritative” source. 

Speed of response was emphasized in drill classes, both as a means 
of discouraging dependence upon other facts or upon counting, and also 
as a way to accustom children to giving prompt, automatic responses of 
the type needed by adults. The largest part of the time in D classes 
was spent on drill. To be consistent with connectionistic theory, repeti¬ 
tion had to have a prominent place in this method. Because facts were 
presented by the teachers with answers given, little time was spent on 
the developmental part of the lesson. Teachers were instructed to follow 
accepted principles of effective drill, e.g., make the drill interesting to 
the children; vary the drill exercises; avoid practice in error; repeat 
most often the facts which seem to be most difficult, etc. 

Method X was included as a third instructional procedure to rep¬ 
resent that middle ground between drill and meaning theory which might 
be called common practice. Just what “common practice” is can hardly 
be stated by anyone with certainty. However, a careful examination of 
a large number of arithmetic books and other teaching materials con- 


1 Knight, F. B., and Behrens, M. S., 1928. The learning of the one 
hundred addition combinations and the one hundred subtraction combina¬ 
tions. New York. 

s Thiele, C. L., 1938. The contribution of generalization to the learn¬ 
ing of the addition facts. Teacher College Contribution to Education. 
No. 763. 

3 Wheeler, Lester R., 1939. A comparative study of the difficulty of 
the 100 addition combinations. Journal of Genet. Psych., 54:295-312. 



Psychology 


251 


vinced the investigator that “common practice” was represented by- 
drill procedures with two important modifications. 

The first concession which is quite commonly made to meaning¬ 
fulness is that each fact is presented concretely or semi-concretely, e.g., 
by pictures of concrete objects, at the time of its first introduction. 
Accordingly, the X teachers were directed to give the children the 
experience of “verifying” each new addition fact by counting and 
manipulating concrete objects. Afterwards, drill procedures followed 
the same method used in D classes. 

The second variation introduced in the X method was that the 
addition facts were presented in groups which depended upon organiza¬ 
tion by size-of-sum. All combinations yielding the same answers were, 
accordingly, presented to the children for study at the same time. 
Pupils were discouraged, as in the D groups, from making other 
generalizations of number relations. However, they could hardly fail 
to notice that reversal of addends made no difference in the answer, 
because the direct and reverse forms of a combination were always 
presented in the same size-of-sum group. The teachers, however, never 
called attention to the generalization for reversed addends. The X 
method, then, was a drill method with certain concessions made to the 
ideas of concrete meaning and organization. 

Timed tests on the 100 addition facts occurred at five points in the 
experiment: (a) at the beginning of the study; (b) between the study 
of 0 facts and I facts; (c) between the study of I facts and the Christ¬ 
mas vacation; (d) between the vacation and the study of F facts; and 
(e) at the end of the F instructional period. Three transfer tests (one 
in subtraction, one in decade addition, and one in advanced addition) 
were given at the end of the study. 

Analyses of variance (for both M.A. and initial total addition 
score) showed that the variation among the three method groups at 
the beginning of the study was not significantly greater than the 
variation within those groups. 

The design of the present experiment placed the major burden of 
analysis of data upon one statistical technique, the analysis of covariance. 
By this technique it was possible to adjust the outcome means for differ¬ 
ences in initial arithmetic score and M.A. means. 

The first series of analyses of covariance was designed in such a 
way as to hold constant M.A. and corresponding^ initial addition score. 
They provided a means of testing the significance of the differences 
among method groups on each of several outcome scores, after the 
effects of M.A. and the corresponding initial score had been ruled out. 

A second series of covariance problems provided tests of the same 
outcome variables; but M.A. and immediately-preceding addition score 
were held constant instead of M.A. and initial score. This series took 
the place of analyses of variance of losses and gains during inter-test 

*The “corresponding'” initial score is that score on the initial addition 
test which corresponds to the particular outcome score being considered. 
For instance, if the outcome score being analyzed is on the 0 set of facts, 
the corresponding initial score would be that on 0 facts. 
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intervals. That part of the variance associated with previous score on 
the same item having been removed, the residual variance really rep¬ 
resented the gain or loss between the two tests. 

A third miscellaneous set of problems dealt with the analysis of 
0, I, and combined 0 and I scores for the whole period following 
instruction. 

The fourth and final set of analyses of covariance dealt with the 
three transfer tests—one in subtraction, one in decade addition, and 
one in miscellaneous advanced addition. The residual variance on each 
of these was analyzed after removing that part of the variance asso¬ 
ciated with M.A. and total score on the addition pre-test. 

Each analysis of covariance problem was, of course, preceded by 
tests for homogeneity of variance and of regression. 

In order to check on the exact location of significant differences 
which appeared in the analyses of covariance, “t-tests” were made for 
each of the three possible inter-method comparisons. 

All inter-test gains or losses by each of the method groups were 
also tested to determine whether or not they were statistically sig¬ 
nificant. 

Limitations of time and space prevent a detailed presentation of 
the statistical results. Therefore, only a brief summary will be given 
of the learning, retention, retroactive inhibition, and transfer data 
which were collected. 


Learning Results 

The term “learning” in this summary refers to learning during 
instruction, i.e., increase in knowledge of any set of facts during the 
period when those facts were being directly taught. 

The scores on knowledge of 0 (original) facts, which were of very 
similar difficulty from one method to another, were not significantly 
different from one method group to another at the beginning of the 
period of study. During the instructional period, however, the G group 
gained a highly significant 5 advantage over each of the other two groups. 
Of the two other groups, D was significantly superior to X. 

During instruction on the I (interpolated) facts, the three groups 
made gains which were not significantly different. In fact, there was 
less difference among groups at the end of the instructional period than 
there was at the beginning. The X group, with the easiest set of facts, 
was the one which lost its superiority, though this change was not sta¬ 
tistically significant. 

Unfortunately, the pre-instructional performance on the F facts 
was significantly different. Though this difference, in favor of the G 
group, was still apparent at the end of the instructional period, adjust-- 
ments for pre-instructional differences accompanied by heterogeneity 
of residual variance and of regression caused the difference to dis- 

6 The terms “highly significant” or “highly superior” in the subsequent 
discussion indicate that the difference was beyond the .01 level of proba¬ 
bility; the terms “significant” and “superior” refer to differences which 
were between the ,05 and the .01 levels of probability. 
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appear. The G group had the easiest set of F facts and made the 
lowest raw gain. 

Finally, of the three sets of facts, the learning gains during instruc¬ 
tion were significantly different only in the case of the 0 facts, in which 
case the order of performance was G, D, and X. All inter-method 
differences on 0 fact gains during instruction were highly significant. 

} 

Retention Results 

The term “retention” here refers to retention from the end of the 
direct instructional period for a set of facts to the end of the experiment. 

The evidence on retention of previously learned sets of facts (0, I, 
and combined 0 + I) is as follows: (a) in those cases in which there 
were significant inter-method differences in the number of facts known 
at the end of the instructional period, those differences were maintained 
throughout the remainder of the study; (b) for the retention periods 
themselves, independent of previous learning, there were no significant 
differences among method groups; and (c) retention was very good 
throughout the study, such losses as occurred being very slight. 

Retroactive Inhibition Results* 

The term “retroactive inhibition” here pertains to losses in the mean 
performance of any method group in their knowledge of a previously 
learned or partially-learned set of facts during an interpolated activity— 
whether that activity was instruction on another set of facts or a 
vacation period. Bearing in mind this definition of retroactive inhibi¬ 
tion, one notes the following summarized results: (a) retroactive 
inhibition of previously learned addition facts did not appear during 
the learning of another set of addition facts (true of all method groups 
and all interpolated instruction periods); (b) the only interpolated 
activity which resulted in retroactive inhibition was the Christmas vaca¬ 
tion; (c) the 0 facts, taught several weeks,before the vacation period, 
did not show retroactive inhibition during the vacation; (d) the I facts, 
taught immediately preceding the holiday period, were subject to in¬ 
hibition in all method groups; (e) the net results for the combined 0 
and I facts showed a loss for all method groups during the vacation; (f) 
the raw score measures of retroactive inhibition for the I facts during 
the vacation period showed significant losses for- the X and D groups but 
hot for the G group; (g) the differences among method groups in O + I 
losses during vacation were statistically significant only in the superi¬ 
ority of the G group over the D group; (h) retroactive inhibition also 
occurred for only the D group in one set of partially learned but un¬ 
taught facts (the F set) during the vacation interval; (i) on this last 
comparison the differences among groups were highly significant, both X 


* Usually, “retroactive inhibition” refers to losses during an inter¬ 
polated activity over and above losses during an interpolaled rest period. In 
this experiment, the greater losses occurred during the vacation (rest) period, 
necessitating a modified used of the term. 
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and G groups being highly superior to the D group. The G group also 
surpassed the X group by a significant amount; but neither one showed 
retroactive inhibition on F facts during vacation. 

Transfer Results 

The term “transfer” here pertains to gains in the mean performance 
of any method group in knowledge of a certain set of facts during 
instruction on another set or during the vacation period. 

The summarized state of affairs concerning transfer within the 100 
addition facts, adjusted for M.A., was as follows: (a) the amounts of 
transfer among the addition facts, except for the vacation period, were 
usually significant for all method groups; (b) the amounts of transfer 
to previously taught facts were, in general, not significantly different 
from one method group to another; (c) the amounts of transfer to 
untaught facts were usually significantly different; (d) the G group 
was significantly superior to the X group five times, compared with 
once that the X group was significantly superior to the G group; (e) 
the G group was significantly superior to the D group six times com¬ 
pared with once that the D group was significantly superior to the 
G group; and (f) the X group transferred significantly more than the 
D group in two situations. 

In summary of the transfer post-test results, adjusted for M.A. 
and initial total score on addition facts, the following relationships were 
revealed: (a) there was a significant difference among method groups 
in their knowledge of subtraction facts after study of addition facts; 

(b) the order of performance was, from highest to lowest, G, ]>, and X; 

(c) the advantage of the G group over the other two groups on knowl¬ 
edge of the upper decade facts was not statistically significant; and (d) 
the D and G groups, almost equal in their performance on the advanced 
addition transfer test, both showed a highly significant advantage over 
the X group. 

Net Results 

With intelligence and appropriate initial scores controlled, the net 
results on the three separate sets of facts for the whole experiment may 
be summarized as follows: (a) the G group made the highest net 
achievement record for the 0 facts, I facts, and F facts; (b) the ad¬ 
vantage of the G group on net results for 0 facts was highly significant 
in comparison with the X group and significant in comparison with the 
D group; (c) the differences in net I fact achievement were non-signifi¬ 
cant, but the G group had overcome a significant disadvantage in initial 
knowledge of I facts; (d) the G group earned a highly significant 
advantage over the D group and a near-significant advantage over the 
X group for net achievement on F facts, while the X group achieved 
a highly significant advantage over the D group for the same facts. 

With intelligence and appropriate pre-test total scores held con¬ 
stant, the net total results for various periods of the experiment were 
as follows: (a) the G group made the highest net total achievement for 
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every period of the study and for every combination of adjacent periods 
which was analyzed; (b) the advantage of the G group over each of 
the other groups was statistically significant in eight comparisons 
(seven of these highly significant); (c) the six comparisons for which 
the G group advantage was not statistically significant dealt with 
periods for which no other group had any significant advantage either; 
(e) the D and X groups fluctuated between second and third places in 
the net total results, with the D group ahead of the X group in five out 
of seven comparisons; and (f) in no case did any group except the G 
group have a significant total advantage over any other method group. 

The general conclusion from all these results seems to be that 
second-grade children taught by the generalization method seemed to 
have an advantage over those taught by drill or modified drill methods. 
With intelligence and previous addition knowledge controlled, they 
learned the original set of facts more quickly; they retained what they 
had learned as well as the other groups during subsequent instructional 
periods; during the vacation they forgot fewer of the facts learned just 
preceding vacation; they made larger transfers of knowledge from 
taught to untaught addition facts; and they made transfer gains to 
subtraction and advanced addition which were equal to or better than 
those of the other two groups. Finally, in net total results for the 
whole experiment, all significant advantages which appeared were held 
by the G group. 



A Study of Answers to True False Test Questions Marked to 
Indicate Confidence in Correctness 

Alma Long, Purdue University 

Continuing a three-year study of an orientation test dealing with 
Home Economics subject matter and principles applicable to general 
practices in every day home making, a study has 'been made of values 
obtained from questions of information in the correctness of which the 
student has expressed confidence. Some aspects of student behavior 
other than evidences of knowledge of subject matter may have important 
relationship with success in a particular field of work. Also, further 
measures of reliability of objective tests are needed before pupils can 
be classified accurately in terms of essential ability in the subject by 
means of test scores. 

Previous analyses of results of the test given to students entering 
Home Economics departments of state schools in Indiana gave some 
evidence of a high degree of reliability of scores obtained in repetition 
of the test. There are also reasonably high coefficients of correlation 
between college aptitude and the home economics scores of groups classi¬ 
fied by amount of previous training, although these correlations are not 
high enough to justify the use of the home economics scores in predictions 
for individuals. 

Weighted average values have been placed on each of the one 
hundred forty questions dealing with information and the application 
of principles included in the test. Differences in scores on the various 
questions earned by various groups indicate some important relationships 
between the kind of training the pupil has had in home economics and 
the kind of subject matter most familiar to the classified groups subjected 
to the test. 

The purpose of the most recent phase of this study has been to find 
more accurate- indications of the contribution such a test can make to¬ 
ward the identification of those pupils whose training and experience 
in home economics vary. Three hundred and two papers collected in 
September, 1941, were studied with this in mind. At the time the test 
was given, the pupils were asked to indicate confidence by “double 
checking” any answers which they felt were correct. The papers were 
then scored, disregarding all indications of confidence, and again taking 
account of double checked answers. The original scores on questions 
were very similar to scores obtained from similar groups in previous 
years. 

The general plan for scoring true-false questions which had pre¬ 
viously been used, that is rights minus wrongs, was applied to the addi¬ 
tional scores obtained from double checking. By addition of correct 
double checked answers the range of scores was increased very consid- 
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erably, although many scores at the lower end of the distribution changed 
very little. Not only the mean of the double check distribution but also 
the standard deviations were considerably higher than those of the 
original scores. 

Numerous questions are raised by the amount of change which took 
place and by the differences in gain by individuals, due to confidence 
scores: 


1. To what extent would increases in score be a function of superior 
intelligence, or of superior training and experience? 

2. Would all pupils in the superior intelligence or training levels 
tend to respond in the same general manner? 

3. To what extent would personality traits such as daring or con¬ 
servatism promote or hinder the indication of answers thought 
to be right? In some instances would the device promote reck¬ 
lessness which might be costly to the pupil? 

4. Would recency of training or much experience contribute greatly 
to the accuracy with which correct answers would be indicated 
with confidence? 

5. To what extent would practice in any phase of home economics 
without formal training tend to give pupils an accurate knowl¬ 
edge of some of the principles and practices which form rather 
basic parts of a home economics education program at the high 
school level? Would sureness scores result in penalizing some 
students? 

6. What proportionate parts of the final score would be indicative 
of superior ability, interest in the subject or long practice? 

Complete answers to these questions would extend far beyond the 
analysis of these test scores. There were, however, some well defined 
groupings and dispersions of scores which may assist somewhat in our 
interpretation of a value to be derived from a test situation dealing 
with information, principles and practices in home economics education. 

Differences in total scores occurred which tend to coincide with 
what might reasonably be expected of groups of individuals whose 
amounts of training in home economics at the high school level varied. 
Previous analyses of scores on this same test indicated with a high degree 
of consistency that pupils who had participated in Four-H Club work 
scored somewhat better on the test, other factors held constant, than 
those who had not had such practice. 

Indications of confidence in correct answers resulted in much greater 
average gains for those who had had Four-H Club experience than for 
other groups. Their average gains were greater than the average gains of 
other groups, although their average scores on college aptitude tests 
were somewhat lower. The extent of these gains on the home economics 
test and the nature of the questions upon which a particular group 
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distinguished itself in this recent test probably expresses some important 
and fundamental differences between the responses of a specifically 
trained and experienced young home economist and the one who gains 
her proficiency through general practice at home or from general read¬ 
ing of publications which deal with modern home making. 

When the scores were arranged in percentile rank for (a) the 
original score and (b) the new score obtained by double checking, high 
coefficients of correlation between the distributions of the original and 
the double checked confidence scores were shown. These were .81 ± .036 
for students who had no home economics in high school, .89 ± .018 for 
those who had some home economics but no Four-H Club work and 
.82 ± .31 for those who had both Four-H Club work and training in high 
school. In each of the groups there were individuals whose original and 
confidence scores were low. There was a noticeable amount of shifting 
of some individuals whose original scores were in the middle categories, 
some of which resulted in significant re-location of individuals who had 
much experience and training in home economics. The results of the 
changes in score are shown in Tables I and II. 

In previous analyses of the test data, the coefficients of correlation 
between college aptitude rank and score on the home economics test 
ranged from .12 ± .005 for those who had no home economics in high 
school to .355 ± .003 for those who had several semesters. From this it 
appears that success in the home economics test is somewhat less related 
to general intelligence scores as represented by college aptitude test scores 
than to some specific training and experience in a technical subject. 

The matter of indicating confidence in answers to test questions 
appears to be a complex of specific information, native intelligence and 
probably also some basic emotional attitudes toward a probability or 
chance. In a few cases, individuals in the lowest category of intelligence 
ranking indicated confidence in all of their answers, right or wrong, 
resulting in a minimum of gain for themselves. On the other hand a few 
individuals in the higher intelligence category made no errors in double 
checking and consequently increased their scores. The largest and most 
consistent gains were made by individuals in the upper fifty percentiles 
of college aptitude scores who had home economics in high school plus 
some Four-H Club work. 

To indicate real differences between groups having different back¬ 
grounds of training, scores which were more than one sigma from the 
mean were studied. These superior scores were earned by 9.9% of the 
entire groups, who had home economics training plus Four-H Club work; 
6.6% of the group, who had no Four-H Club work, and 3.3%, who had 
no previous training in home economics. Those found in the second or 
third sigma below the mean include 1.3% of the entire group, who had 
home economics training plus Four-H work, 2.9% of the population, who 
had no Four-H Club work and 6.9%, who had neither home economics 
training nor Four-H Club work in high school. 
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Table I.—Differences in distribution of scores of groups having 
different amounts of training in home economics, and whose scores were 
more than one sigma from the mean. Original scores and those corrected 
for “Double Checking.” Distributions exclude those who chose not to 
double check any answers. 

Original Scores Corrected Scores 


Total 


Above 

Below 

Above 

Below 

N 


N 

% 

N 

% 

N 

% 

N 

% 

117 

No Home Ec. in H.S. 

17 

14.4 

20 

16.9 

10 

8.5 

21 

17.9 

84 

H. Ec. in H.S., No 4-H 

14 

16.4 

21 

24.6 

20 

23.8 

9 

10.7 

101 

H.Ec. in H.S. plus 4-H 

8 

8.0 

20 

20.0 

30 

29.7 

4 

3.9 


The above changes in scores shown in Table I resulted in significant 
differences in the proportions of individuals in the higher and lower 
sigmas of the distribution. Table II shows the changes arranged accord¬ 
ing to gain or loss in proportions found in the higher and lower sigmas. 

Table II.—Changes in size of groups whose confidence scores were 
one sigma or more from the mean. 


Above mean 

Direction 

Crit. Ratio 

No Home Economics in High School 

Loss 

1.1 

Home Economics in H.S.—No 4-H Club 

Gain 

2.3 

Home Economics in H.S. plus 4-H Club 

Gain 

3.2 

Below mean 


Crit. Ratio 

No Home Economics in High School 

Gain 

0.0 

Home Economics in H.S.—No 4-H Club 

Loss 

2.4 

Home Economics in H.S. plus 4-H Club 

Loss 

3.6 


In summarizing the results of the investigation, it may be said that 
an opportunity for scores to be increased by the indication of confidence 
in the answers given to true-false questions, seems to tend quite defi¬ 
nitely toward indicating some relationships between higher scores and 
greater amounts of training. Those individuals who obviously have had 
little specific training in the field tended to receive the lower test scores 
regardless of any advantages of superior general intelligence. Some stu¬ 
dents having low general ability tended to remain in the lower categories 
of score regardless of their many indications of confidence in correctness. 
Others in the lower intelligence categories obviously expressed them¬ 
selves as being very unsure and would probably remain in those ranks 
excepting as they applied themselves with continued effort to gain com¬ 
petency in the work. 

In the middle groups, many individuals had learned much and were 
sure of many items. These people represent a group whose efforts and 
interest would seem to combine toward real achievement. In the upper 
intelligence levels, there were some who had benefited by superior train¬ 
ing and who consequently achieved a great deal. They seemed to tend 
to check relatively few items for confidence. They also made relatively 
few errors in their confidence scores. 
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It is doubtless important to recognize the need for accurate knowl¬ 
edge and to refrain from rash statement. The effect upon total scores 
resulting from the various attitudes of individuals could be, with the 
extremes of temperament operating, within the limits of chance distribu¬ 
tions of score, to indicate some essentials of achievement. Kefine- 
ments of scoring serve to distinguish between those who secure 
and maintain high rank, and those who would naturally slip 
through the sieve because of lesser ability or amount of training. 
• Still further refinements of method for securing test results, which 
would take better account of different personal reactions to the situation, 
may be well within the realm of possibility. Assurance of greater re¬ 
liability in answers to true-false questions apparently can be achieved 
to a very useful extent by the device of indications of confidence. The 
multiple factors underlying student reaction to the situation, if known, 
might contain information of great importance for the estimation of an 
individual^ probable success in a specific type of education. 



ZOOLOGY 

Chairman: W. E. Martin, DePauw University 

Professor T. M. Sonneborn, Indiana University, was elected chair¬ 
man of the section for 1942. 


ABSTRACTS 

The use of statistics in the solution of a biological problem. C. M. 
LOUTTIT, Indiana University, and J. J. Sapero, United States Navy.— 
Suggestive biological differences between the so-called small and large 
races of Entamoeba histolytica have been reported from time to time. 
Most, if not all of this work, is essentially invalid because two funda¬ 
mental questions remain unanswered. These questions are (1) how many 
races of E. histolytica are there? (2) What are the boundary lines 
between races? The basic papers on the question of the number of 
races in this species are those of Dobell and Japps and of Malins Smith. 
The former authors claimed to have demonstrated at least five races 
while the latter finds only two. Study of the original papers illustrate 
that the differences in conclusion is related to the statistical problem 
of sampling. Statistical analysis of the data of these two papers plus 
similar analysis of original data provide answers to both of our ques¬ 
tions. These answers derived by statistical proceedings afford a basis 
for further biological research. 

Social organization in a small flock of domestic sheep. J. P. 
Scott, Wabash College.—Observation of a small flock of ewes of mixed 
breeds indicates that social organization is largely founded on maternal 
dominance. 

Notes on breeding places of malarial mosquitoes in Tippecanoe 
County. R. M. Cable, Purdue University.—Incidental to the collection 
of mosquitoes for teaching purposes, two potentially dangerous vectors 
of human malaria have been found breeding in large numbers in Tippe¬ 
canoe County. Both Anopheles quadrimaculatus and A. punctipemvis 
•breed in the creek just north of the cemetery at Battleground, the larvae 
and pupae of A. punctipennis * being especially numerous. One as yet 
unidentified culicine species also breeds in this stream and the larvae 
of Culex territans have been collected from cans in a dump a few yards 
from the creek but have not been found in the creek proper. During 
September and October of the past three years, anopheline larvae have 
been collected from the creek and in 1940 were found as late as the 
middle of November. During September, 1941, A. qvMrima&datus, 
generally conceded to be the most dangerous North American vector of 
human malaria, has been found breeding also in the Wabash River. Un- 
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usually low water this fall seems to have been favorable for this mos¬ 
quito. In view of the abundance of potential vectors of malaria, sur¬ 
prisingly few cases have been reported in the Lafayette region. It is 
very likely, however, that there may have been many cases which did 
not receive medical attention or in which thorough blood examinations 
using thick smear technics were not made and the parasites were over¬ 
looked. 

The abundance of game fish in a small lake. W. E. Ricker, 
Indiana University.—During the summer of 1941, a complete census of 
fishing was made on 42-acre Shoe lake, near Warsaw, Indiana. The 
catch was 11,016 fish weighing 1,924 pounds; of which 9,242 individuals 
and 1,321 pounds consisted of bluegill sunfish. The abundance of the 
more important species in the lake was estimated by the Petersen method 
of marking and releasing fish, then noting their relative abundance 
among fish caught. In this way the number of bluegills more than 5 
inches long was estimated as 24,000; of redear sunfish, 1,700; of yellow 
bullheads, 140. Other much less reliable estimates were: speckled bull¬ 
heads, 720; largemouth bass, 660 (over 10 inches) ; black crappie, 3,700; 
warmouth sunfish, 70; common sunfish, 150; perch, 380. 

The respiration of the sea-cucumber, Thyone briareus , as influenced 
by hydrogen-ion concentration and oxygen tension. Wm. A. Hiestand, 
Purdue University.—The respiration of Thyone is unaffected by varia¬ 
tions in the oxygen tension of sea water from that of normal air-water 
equilibrium to approximately one-seventh normal saturation. Varia¬ 
tions of the pH of sea water cause marked variations of the rate of 
oxygen consumption. . This relationship is an inverse one, i. e. less oxygen 
is used in sea water of low pH values than at high ones, or it may 
be stated that oxygen consumption is proportional to hydroxyl-ion con¬ 
centration. A “straight-line” relationship exists over the range of 
values from pH 5.4 to 8.8. Because of the ability of Thyone to continue 
its consumption of oxygen at a uniform rate until a low tension of 
oxygen is reached one may conclude that the animal possesses an efficient 
respiratory system. 

A case of the inheritance of environmental effects and! its explana¬ 
tion in Paramecium. T, M. Sonneborn, Indiana University.—In races 
of Paramecium aurelia, variety 1, that have clones of both mating types 
I and II, the percentage of clones of type II produced after fertilization 
= 18.4 -{- t/0.51, where t is the temperature during fertilization and 
the immediately following nuclear reorganization. This relation, based 
on a study of 1,760 clones at 9 different temperatures, holds through the 
range 10° to 35° C. After nuclear reorganization is completed, the 
mating type is strictly inherited through reproduction by fissions; it 
is then not affected by temperature or other conditions. The tempera¬ 
ture effect shows that the inheritance of mating type at fertilization 
is not governed by genic recombinations. This is also demonstrated (1) 
by breeding tests which show that the two mating types have micronuclei 
that are genically identical; (2) by cytological and genetic studies 
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proving that the two mating types are homozygous for all micronuclear 
genes as a result of a special type of periodically recurring autogamy. 
How then do cultures whose micronuclei are entirely homozygous and 
genically identical come to differ in hereditary mating type? And how 
does temperature play a role in bringing about this genetic diversity? 
Combined genetic and cytological study demonstrate that the macro¬ 
nucleus, not the micronucleus, is the location of the determiner for 
mating type. Yet the diverse macronuclei, determining different mating 
types, arise from identical homozygous micronuclei. Hence, there must 
be a mutation commonly occurring during the development of macro¬ 
nuclei from micronuclei immediately after fertilization. In detail, the 
simplest hypothesis is to assume that there is a micronuclear gene for 
mating type I which frequently mutates to an allele for mating type II 
at that stage in macronuclear development. The effect of temperature 
previously described is in conformity with this hypothesis, for it is well 
known that the mutation rate increases with rise of temperature. The 
occurrence of the mutation in a specific direction and at a definite stage 
in the developmental cycle is in agreement with what is known of some 
labile genes in other organisms. Further, current experiments have 
delimited the period sensitive to temperature to the time when the 
macronuclei are developing from micronuclei, in agreement with the 
hypothesis. But .perhaps the most striking fact in support of the muta¬ 
tion hypothesis is the randomness of occurrence of the assumed mutations, 
for the two macronuclei that normally arise in the same cell at the 
same time but from different products of the same fertilization nucleus 
show the same mutation no more and no less often than expected by 
chance alone. The preceding results are of significance in three re¬ 
spects. (1) They show that mutation rates can be enormously greater 
than any hitherto reported, actually approaching 100% under extreme 
conditions. (2) They suggest that other, possibly all, of the numerous 
observations on the inheritance of environmental effects in Protozoa 
may yet be brought into conformity with the rest of modern genetics; 
(3) They suggest that the differentiation occurring during normal 
development in higher organisms may be in part a consequence of muta¬ 
tions occurring at definite developmental stages.' Our knowledge of 
labile genes and the phonemena observed in tissue cultures lend support 
to this view. 

Analysis of the mesonephric kidney of the rat embryo by means of 
intraocular grafts. Meredith Runner, Indiana University.—Reptiles, 
birds and mammals have three successive stages in the development 
of their kidneys while Amphibia have two and fish but one. The work 
presented is concerned with the second (mesonephric) stage of de¬ 
velopment of the rat embryo. Embryos used for these experiments 
were taken from their mothers 11 to 13 days after copulation oc¬ 
curred. The embryonic kidneys were removed and stained with 
methylene blue so they could be readily seen and handled. The kidneys 
were then placed on the iris of an adult host through a slit in the 
cornea by means of a specially devised pipette. Mesonephric kidneys 
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of the rat apparently do not function in an excretory capacity and 
are destined to disappear about five days before the rat is born. Ex¬ 
periments have shown that grafted mesonephric kidneys are able to 
persist as long as 36 days beyond their normal span of existence. This 
finding has permitted analysis of the structure and function of the 
grafted mesonephros in relation to intact kidneys both in the embryo 
and adult. Ability of the mesonephric region of the grafted rat kidney, 
first, to assume a functional level above that normally attained in the 
embryo, and secondly, to become structurally and functionally compar¬ 
able to the adult metanephric kidney, constitutes experimental evidence 
in favor of the notion of unity of the three kidney primordia. This is 
in contrast to the classic conception of three discrete organs reminiscent 
of the situation in adult fish and frogs. 

The chick comb for androgen assay. W. R. Breneman, Water¬ 
man Institute, Indiana University.—A study was made of 1,218 White 
Leghorn chicks which were administered testosteronepropionate or tes¬ 
tosterone in dosages ranging from 1 to 1,000 micrograms. Cockerels 
and pullets which were given limited amounts of food (limited diet) 
gave significant responses to subcutaneous injection but normal diet 
cockerels had smaller combs than the controls at dosage levels of 25 
to 50 micrograms. Administration of 100 micrograms, however, pro¬ 
duced a significant growth. This variation was apparently the results 
of decreased androgen secretion by the animal’s own testes which at low 
dosages more than offset the effect of the injected androgen. Limited 
diet birds, in contrast, responded as though they were essentially cas¬ 
trates, therefore, the problem of endogenous secretion was eliminated. 
Injections of androgen into the comb was very efficacious especially when 
administered on alternate days. A total of 2.5 micrograms produced 
a comb increase of more than 32 per cent. Chicks caponized at five 
days given comb injections on alternate days had comb increments of 
more than 31 per cent at 20 days of age after administration of only 
one microgram of hormone. Normal diet pullets similarly treated al¬ 
though somewhat less responsive also gave significant increases with 
as little as one microgram of testosterone-propionate. A short assay 
method was investigated in which the birds were injected beginning at 
12 hours after hatching and autopsied at 80 hours. These animals were 
kept without food or water and gave positive response to amounts of 
hormone ranging from 25 to 200 micrograms. The percentage increase, 
although not as great as in other series, had very low standard errors 
and the test is worthy of further detailed study. 

Reproductive periodicity in the male skink, Eumeees fasciatus. 
Albert E. Reynolds, DePauw University.—Correlated morphological 
states and functional conditions of the testis, the epididymis, and the 
metanephric kidney (sexual segment) are traced through their seasonal 
variations. 

The rat ear as a site for adrenal cortical grafts and subsequent ear- 
adrenalectomy. Robert L. Kroc, Indiana University.—Description of 
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technique of transplantation and discussion of advantages of this site 
for cortical grafts. Comparison of body weight changes and mortality 
of over 100 adrenalectomized rats following: (1) Autotransplants to 
the pinnae and (2) removal of the grafts from rats that survived with 
weight changes and mortality of control adrenalectomized rats. Trans¬ 
plants were successful in approximately 50% (no salt licks) and 34% 
(salt licks) of the males. 48% of these two groups died after graft 
removal as contrasted with 95-100% of the control series. They sur¬ 
vived 37% longer than the controls. 7% (no salt licks) and 36% (salt 
licks) of the females possessed successful transplants and 40% of these 
died after graft removal and survival periods that exceeded the con¬ 
trols. The marked decrease in mortality after graft removal indicated 
that more rats possessed accessory cortical tissue than might he con¬ 
cluded from the high mortality percentage obtained with controls. Visi¬ 
bility and the certain removal of all of the graft quickly and with negli¬ 
gible trauma served as the basis for a suggested experimental method 
that would largely eliminate factors of anesthetics, traumatic shock, 
post-operative healing, and the uncertain role of accessory cortical tissue 
from experiments on adrenalectomized rats. 

The sexual cycle in Toredo navalis. Benjamin H. Grave, DePauw 
University.—During the course of its life every individual of this species 
may change from male to female or from female to male. This change 
may occur more than once. 

The prevalence of pinworm infections among residents of Indiana. 
William Hugh Headlee, Purdue University.—Recent investigations by 
the writer and his associates have determined the incidence of intestinal 
parasite infections among various groups of residents of Indiana. The 
pinworm, Enterobius vermiculcuris, was the helminth infection most fre¬ 
quently encountered. The groups examined, the numbers of individuals 
examined, and the percentage incidences of infection with this parasite 
were as follows: 1,200 patients of Logansport State Hospital, 1.6; 771 
patients of Evansville State Hospital, 7.4; 12 individuals of Terre 
Haute, 0.0; 87 rural inhabitants of Montgomery County, 0.0; 98 rural 
inhabitants of Warrick and Pike Counties, 4.1; 63 persons from families 
who had children under the care of the Evansville Public Health Nurs¬ 
ing Association Clinic, 1.6; 147 Purdue Students from the State of In¬ 
diana, 0.0; 319 in-patients of the Indiana University Medical Center 
Hospitals, 6.9 per cent (these 319 patients were from 72 of the 92 
counties of Indiana), and 15 others, primarily from Lafayette, 33.3. 
The above data were obtained primarily from stool examinations made 
by means of the combined smear and centrifugal concentration methods. 
When 80 in-patients of Riley Hospital were examined by the perianal 
scrapings method, 11, or 13.75 per cent were found to be infected with 
the pinworm. Stools had not been examined from 60 of these 80 indi¬ 
viduals. When stools from 258 in-patients from three hospital units 
of the Indiana University Medical Center were examined, an incidence 
of 5.0 per cent for this parasite was found. In view of these findings, 
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•and in view of the prevalence of this parasite in appendices removed 
surgically, it would seem that the entire problem of enterobiasis should 
be re-evaluated. 

A Blue Specimen of the “Green Frog,” Rana clamitans. Howard 
H. Vogel, Jr., Wabash College.—A large female specimen of the Green 
Frog, Rana, clamitans, almost pure blue in color, was demonstrated at 
the meeting. The frog was in good health, although it had been trans¬ 
ported across the country and kept in the laboratory several months. 
The specimen was collected in a wet meadow near Cooperstown, New 
York, during August, 1941. The unusual pigmentation of this frog 
may be due to an absence of the lipophores. A similar variation in 
this species has been reported by Noble (1931). The New England 
Museum of Natural History reports a similar specimen in its collection, 
a green frog with a “baby blue” head. It is hoped that breeding ex¬ 
periments may be attempted between a normal male specimen of Rana 
clamitans and this unusual “blue frog”. 



Hormones in Arthropods 

W. E. Martin, DePauw University 

The endocrines of vertebrates have been extensively investigated 
but those of invertebrates have been relatively neglected. In the last few 
years several books and articles dealing with invertebrate hormones 
have appeared (a few are: Scharrer (1941), Koller, “Hormone Bei 
Wirbellosen Tieren”, and Hanstrom, “Hormones in Invertebrates”)* but 
a perusal of these works impresses one with the sketchiness of our 
knowledge. Most of the hormonal research on invertebrates have used 
the higher forms, namely the arthropods, as the experimental animals. 
Not all of the arthropod groups but principally members of the classes 
Xiphisura, Crustacea, and Insecta have been used. Following this 
order, let us first consider the investigations dealing with the horseshoe 
crab, Limulus, of the class Xiphisura. 

No long search through the literature is necessary, since to the best 
of my knowledge, the only two papers offering positive evidence of 
hormones in Limulus appeared in the Biological Bulletin issued in 
August of this year. One of these was by Dr. Scharrer describing some 
secretory cells that occur in the central nervous system, to the greatest 
number in the posterior portion of the nerve ring. These cells are also 
found in the ganglia of the nerve cord. There is considerable variation 
in the number of cells in different animals. By counting the cells in 
serial sections, a not infallible method since the same cell may be counted 
in more than one section, but of sufficient accuracy to give a quantitative 
approximation, she found that some individuals had only one or two 
cells in the entire central nervous system while others had up to 2494. 
There seems to be a direct correlation between the number of cells and 
the size of the animal. Small animals of 5.8 cm. carapace width had 
none, but adult animals always had them. Larger adults had more than 
smaller adults. Only one type of cell was found and it had the follow¬ 
ing characteristics. Each cell was enclosed in a capsule and the interior 
of the cell was filled with a mass of colloid-like material resembling 
the colloid of thyroid cells. The second paper dealing with Limulus , 
by F. A. Brown and Cunningham, gives excellent physiological support 
to the histological work of Scharrer. They made extracts of sections of 
the central nervous system at different levels and tested their chroma- 
tophorotropic action. It was found that there was a principle in the 
extracts that caused the concentration of the black chromatophores of 
Uca, the fiddler crab, and the white chromatophores of Cambarus. The 
region from which the most potent extract was obtained was the pos¬ 
terior third of the nerve ring. This extract was active at a dilution of 
1 to 5000. However, Limulus has no chromatophore system and there¬ 
fore the significance of the secretion to Limulus has not been discovered. 
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Most of the work on the class Crustacea has dealt with hormonal 
effects on chromatophores. The color bearing units of Crustacea may be 
monochromatic or polychromatic and may be unicellular or syncytial. 
Their color may be red, yellow, blue, white, or black. By the degree of 
expansion or contraction of these units the animal is capable of making 
color adaptations to its environment. In 1928 Perkins and Koller inde¬ 
pendently showed that a substance was present in the eyestalks of 
Crustacea that could bring about changes in the dispersion of chromato¬ 
phores. The extracts they used were made from the whole eyestalk 
since the gland involved was unknown. Hanstrom (1935), a Swedish 
scientist and outstanding worker on crustacean nervous systems, indi¬ 
cated that a blood or sinus gland probably was the organ involved. 
Subsequent work by Brown (1940) and others have shown this con¬ 
tention to be correct. The sinus gland is generally small, tear-drop 
shaped, and bluish-white in color. The action of an extract of this 
gland on the black chromatophores of Uca is very similar to the action 
of intermedin on the melanophores of lower vertebrates, i.e., both cause 
expansion. The eye stimulated by light seems to act as a check on the 
release of both of these secretions and, apparently, it is the lower half 
of the retina or the lower half of the compound eye that has this function. 
Thus if the eye is covered the animal will darken because the check on 
the release of the secretion is no longer operative. Abramowitz (1938) 
has used intermedin injections into eyestalkless Crustacea and eyestalk 
extract injections into hypophysectomized lower vertebrates with, in 
general, normal expansion of the melanophores in both. The work o£ 
Brown and Scudamore (1940) indicates that more than one hormone may 
be secreted by the sinus gland. They obtained an alcoholic extract of 
the eyestalks of several Crustacea that effected primarily the red chrom¬ 
atophores and a non-alcoholic extract that primarily effected the black 
chromatophores. Brown and Ederstrom (1940) showed that some 
chromatophores were under dual control. In Crago , a marine shrimp, 
the telson and uropods contain many melanophores that are contracted 
by sinus gland extract and expanded by an extract of the circum- 
esophageal commissures. 

In addition to the effect of eyestalk extracts on chromatophores 
several other functions have been demonstrated. Kleinholtz (1934, 
1936) found that an eyestalk extract, particularly from light adapted 
animals, injected into dark adapted Palaemonetes, another shrimp, 
caused the eye pigments to migrate to the light adapted position. 
Koller (1930) stated that the normal deposition of calcium did not take 
place in the skeletons of animals without eyestalks. Abramowitz and 
Abramowitz (1939), Brown and Cunningham (1939), and Smith (1940) 
have shown that eyestalkless animals molt more rapidly than normal 
individuals. The more rapid molting is apparently the result of short¬ 
ening the intermolt period. Brown (1938) and Abramowitz and 
Abramowitz (1939) have shown that animals without their eyestalks do 
not live as long as the normal controls. 

There is some indication in Crustacea that secondary sex characters 
and certain reproductive phenomena are under the control of gonadial 
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hormones. Yonge (1938) has shown that the oviduct epithelium of 
Homarus and other decapods exhibits rhythmical changes .associated 
with ovarian activity. The effect of parasitic castration in modifying 
secondary sex characters, particularly in the male toward the female 
type, has been noted by many authors since the original work by Girard 
in 1887. Callan (1940) used X-rays to destroy the gonads of prawns 
with the result that breeding characters did not develop. 

Now let us consider the insecta. Kopec (1922) was the first to 
indicate that there was something present in the heads of certain 
lepidoptera (Lymantria) that was necessary for the inception of pupa¬ 
tion. By tying off the posterior from the anterior body region he was 
able to show that only the part of the body anterior to the constriction 
would pupate. Fraenkel (1935) repeated and substantiated Kopec’s 
work using the blowfly, Calliphora erythrocephala . Closely associated 
with the brains of insects are two glands called the corpus cardiacum and 
the corpus allatum that might be involved. The corpus cardiacum is 
generally on or around the wall of the anterior end of the aorta. The 
corpus allatum is generally located in close proximity to the dorsal side 
of the esophagus in the hind part of the head but it may be located in 
the neck or anterior part of the thorax. This gland may appear singly 
as in the hemipteran, Rhodnivs, or doubly as in the cockroach, Peri - 
planeta americana. In certain dipterous larvae it seems that both of 
these glands may be combined into a circular structure surrounding 
the aorta. Weismann (1864) first described this so-called ring gland 
although he thought that it acted as a support for the dorsal blood 
vessel. Hadorn (1937) and Scharrer and Hadorn (1938) described 
large and small cells making up the ring gland of Drosophila larvae. 
The larger cells form the outer part of the ring and apparently are 
homologous to the corpus allatum of other insects while the smaller 
cells directly around the dorsal blood vessel may be homologous to the 
corpus cardiacum. Working with the Drosophila mutation, “lethal 
giant”, in which pupation is greatly retarded from the normal or does 
not occur at all, Scharrer and Hadorn (1938) found that the ring 
gland was not as well developed as in normal larvae and that the im¬ 
planting of ring glands from- normal larvae would induce and accelerate 
pupation. Acceleration of pupation was brought about also in normal 
larvae following the implantation of ring glands. Wigglesworth (1940) 
using Rhodnius prolixus indicated that two hormones are involved in 
moulting and pupation. One of these has been called an “inhibiting” 
hormone because it prevents the appearance of adult or imaginal char¬ 
acteristics. It is present in the first four nymphal stages but decreases 
in amount from the first to the fourth nymphal stage. It is secreted 
by the corpus allatum. Wigglesworth suggests that possibly “nymphal” 
or “juvenile” would be better names than inhibiting since it does not 
oppose the action of the moulting hormone but tends to keep the insect 
in the nymphal condition. The moulting hormone, which as its name 
implies induces moulting, seems to be secreted by large cells in the 
dorsal region of the protocerebrum that stain deeply with acid fuchsin. 

The work of Wigglesworth (1936, 1940) on Rhodnius indicates 
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that the secretion of the corpus allatum is necessary for egg production 
in females and for the secretion of the accessory glands in the male. 
If the corpus allatum is removed from the female, egg production stops 
and the eggs already produced disintegrate. Supplying corpus allatum 
secretion from either sex brings about normal egg production. Also, 
the secretion from females will bring about the normal secretion of the 
accessory glands in the male. Thus it appears that the hormone is the 
same in both sexes. The work of Weed (1936) showed that in the 
grasshopper, corpora allata were necessary for the normal development 
of eggs and the normal secretion by glandular portions of the oviduct. 
Iwanoff and Mestscherskaja (1935) studied the permiability of the 
oocytes in the immature and mature ovaries of insects and concluded 
that the essential change at maturity is an increased permeability. They 
believe that this change in permeability is normally brought about by a 
hormone from the fat body and that the reverse change, the arrest of 
egg growth due to diminished permeability is brought about by a secre¬ 
tion from the so-called “corpus luteum” present as a yellow lipoid in 
old follicles. 

The corpus cardiacum has been relatively neglected perhaps because 
it did not exhibit the rhythmical changes that are shown by the corpus 
allatum. However, Brown and Meglitsch (1940) have shown that an 
extract of the corpus cardiacum of Periplaneta americana could con¬ 
centrate the red chromatophores of the crayfish, Ca,mbarus immunis , 
and in fact had six times the potency of the sinus gland per unit 
volume. Although some insects are capable of making adaptive color 
changes, the control of this action is unknown. The effect of corpus 
cardiacum extract on the crayfish erythrophores may indicate the gland 
involved in color change in insects. 

The central nervous system is another region of secretion in in¬ 
sects. Scharrer (1941) found secretory cells in the suboesophageal 
ganglion and in the pars intercerebralis of the protocerebrum of three 
different genera of cockroaches. The suboesophageal ganglion seemed 
to be the primary secretory region. The function of this secretion is 
unknown. 

In conclusion, it can be said that the field of invertebrate hormones 
is in its infancy and consequently offers great possibilities for research. 
Much of the work already done should be verified and many inviting 
problems remain unexplored. 
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The Distribution and Relative Seasonal Abundance of the 
Indiana Species of Enallagma (Odonata: Agrionidae) 

B. Elwood Montgomery, Purdue University 

Enallagma is a cosmopolitan genus of agrionid dragonflies in which 
about 96 nominal species or varieties have been proposed or placed by 
one or another author. Six of these, three of which are synonyms, belong 
to other clearly distinct genera and 26 others appear to be synonyms 
or names of races not deserving specific rank or separate consideration. 
Kennedy (1920) has further subdivided the genus, erecting six genera, 
but these are not generally recognized by other authorities, most of 
whom are inclined to consider the approximately 70 species as a single 
unified group. 

The geographical ranges of the different species of Enallagma vary 
greatly in size—many species, some from regions where the fauna is 
rather well known, appeared to be quite limited in distribution, (one 
or a few adjacent states or similar areas in other parts of the world), 
others occur over wide areas—the major portion of a continent or more. 
One species, cyathigerum Charpentier, the type of the genus, is circum¬ 
polar in the northern hemisphere. It occurs in the British Isles, through¬ 
out the continent of Europe and across central Asia to China and as 
far south as Tibet and Kashmir but appears not to have been recorded 
from Japan. In America its range extends from Alaska to Newfound¬ 
land, southward to Indiana in the east and to Mexico in the west. 

Although the genus is best represented in the Americas, especially 
in the Nearctic Region, about 24 species are known from the eastern 
hemisphere. Only one species occurs in Europe. About 16 species are 
known from Africa, most of them from South Africa or the Abyssinian 
region although species have been described from the Congo and the 
Cameroons, and one occurs in the Mediterranean coastal area. In addi¬ 
tion to cyathigerum, seven other species are known from Asia and 
adjacent islands. These include two species from Japan, one from 
China, one from India based on a single female type specimen and of 
doubtful distinctness, one said to be “widely distributed through south 
Asia including Ceylon, India and Biyrma”, another from India, Ceylon 
and Java and one from the Maidive Islands. 

Three species occur in northern South America (Colombia and 
, Venezuela) and two others have distributions extending into that con¬ 
tinent— civile ranging from southern Canada to Colombia and novae- 
hispaniae (sometimes considered a subspecies of coecum) from Mexico 
to Brazil. Two species ( eiseni and semicirculare) are found in Mexico 
and two ( coecum and truncatum) in the West Indies. Doubledayi 
occurs in the eastern United States and the West Indies, cardenium in 
Florida and the West Indies, and praevarum has a range extending from 
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Oklahoma and California into Mexico; all other (28) species of the 
genus are confined to areas in North America north of Mexico. 

Of the 33 species occurring north of Mexico, five ( boreale , carun - 
culatum , civile , cyathigerum and ebrium), are transcontinental, three 
(anna —Ore. & Dak. to Ariz.; clausum —Br. Col. & Ont. to Nev. & Kans. 
and praevarum) are western, and the remaining 26 may he considered 
to be eastern although several of them extend westward to Kansas and 
Oklahoma. Thirteen species are limited to the Atlantic coastal regions, 
and another ( doubledayi) appears to have been taken west of the 
Appalachian Mountains (Ohio) only once. All of the transcontinental 
and the eastern species except those confined to the coastal area and 
doubledayi have been taken in Indiana. 

The season of flight (or period of adult life) of a species of Odonata 
is usually expressed by giving the earliest and latest dates. Wesenberg- 
Lund (1913) gave rather extensive diagrams of the seasons of flight 
for the Danish species and several American authors have used his 
form of diagram. Williamson (1917) summarized the seasons of flight 
of Indiana Odonata by thirds of months and his data for the Anisoptera 
were used by Kennedy (1928) in making a diagram of seasonal dis¬ 
tribution. 

There have been few population studies of the Odonata. Almost 
all references to the abundance of any species consist of such words 
as “rare”, “common”, “very abundant”, “not rare”, etc., and are purely 
subjective with the observer, although in most cases, they probably are 
accurate statements of the conditions. Wilson (1920) estimated the 
relative abundance of 15 different species around fish ponds by gath¬ 
ering and counting nymph skins at intervals of two weeks during the 
summer. Valle. (1926) deplored the lack of any standard method of 
measuring or recording abundance of insects and proposed two stand¬ 
ardized scales of seven degrees each, one a “local faunistic scale of 
frequency” and the other a “local faunistic scale of abundance.” The 
first is based upon an area of observation ten kilometers square and 
varies from one occurrence in several years of observation (very rare, 
“rarissime”) to general occurrence throughout the area every year 
(very common, “ frequentissime ”). The second is based on an area of 
50-100 meters square and has a graded scale varying from one indi¬ 
vidual (very few, “ parcissime ”) to more than 50 (very abundant, 
“copiosissime”) in the area. This "system seems not to have been used 
outside of Finland and certainly will need some modification for use 
in this country where collecting is less intensive and the average size 
of the usual unit of distribution in lists (the county) is much greater 
than ten kilometers square (about 38 square miles.) Borror (1934) 
marked individuals of Argia moesta in stations scattered along a river 
for about 700 yards and in an adjacent farm during two summers and 
made calculations of the population based upon “the relative number 
of marked individuals recaptured on successive days, with allowances 
made for shifts in population due to movements in and out of the area 
and to death and emergence.” 
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Records of almost all Odonata collected or observed in Indiana 
since 1900 have been preserved in the note books of the late E. B. 
Williamson and of the author. These rather extensive records appear 
to be sufficient to provide some measure of the relative seasonal abun¬ 
dance of the different species in the state. The records for the species 
of Enallagma have been tabulated and the accompanying chart (Figure 1) 
shows the relative abundance of the different species throughout the 
season. 

The records of captures (or observations) were tabulated by thirds 
of months and the time-frequency graph for each species was con¬ 
structed by plotting the frequency for each third at the mid-point (5th, 
15th and 25th of the month, respectively) of the third on the time axis. 

The records are based upon collections made from 1900 to 1940, 
inclusive, except that piscinarium which is known from Indiana only 
from the male holotype collected in July, 1898, is included in the chart. 
However, there are no records of specimens of Enallagma taken in 1918 
and 1923. The greatest number of species recorded for any one season 
is 13 and the average number recorded per year over the 41-year period 
is about 7%. No species is recorded for all of the 39 years for which 
species of the genus are listed; however, antennatum is recorded for 36 
years, exsulans for 35 and both civile and signatum for 32. Cyathigerum 
has been found in only six years, boreale in eight, divagans in nine and 
both aspersum and basidens in 12. However, basidens was first found 
in the state in 1929 and has been collected every year since that time. 

The number of collections rather than the number of specimens 
taken has been used in the tabulations because the numbers of speci¬ 
mens collected are not recorded in the notes for the years before 1908 
as well as for the obvious reason that specimens are usually taken 
because of the rareness rather than the abundance of a species. 

It is probable that the records tend to be weighted in favor of the 
rare species, both by selection of collecting places and by failure to 
collect specimens of the common species on many occasions when they 
were seen. These selective tendencies are overcome somewhat by other 
factors—the first by the collection of the more numerous species quite 
frequently during collecting trips not planned especially for Odonata 
and the second by the habit of both Mr. Williamson and the author of 
taking at least one specimen of every species found at each locality 
where collections were made. 

Our species fall into three groups upon the basis of the season of 
flight—the spring forms (boreale, cyathigerum, and divagans) which 
are found on the wing from late May to early July, the early summer 
forms ( ebrium, hageni and traviatum) which fly from May to the end 
of July, and the full season forms (the remainder of the species, except 
piscinarmm for which there is insufficient information to indicate sea¬ 
sonal range) which are found as adults from May throughout the 
summer—to the end of August, into or through September, or even, in 
the case of civile , into October. There appear to be three peaks of 
abundance; the first which is the least distinct is in the middle of June, 
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the second which is very distinct and can be seen in almost all species 
occurs early in July, and the third which varies somewhat in the differ¬ 
ent species occurs late in August or early in September. Walker (1941) 
and other authors have noted “two periods of emergence” for certain 
species of Odonata. 

The present abundance of basidens in Indiana relative to that of 
the other species is probably about three times that indicated in the 



Fig. 1. The range of the flight season (or period of adult life) and the 
relative seasonal abundance of the species of Enallagma in Indiana. Col¬ 
lections made from 1900 to 1940 inclusive were tabulated by thirds of 
months and the graphs constructed from the resulting frequency distribu¬ 
tions. Numbers near the bars in the graphs indicate the frequency of 
collection of each species in each third of a month; where no number is 
given the frequency is one. 

chart. This species was first found in the state in 1929 but has, been 
taken every year since that time and its frequency of occurrence and 
abundance as noted in* the field appears to be almost, if not entirely, 
equal to that of antennatum, civile or exsulans. 

Upon the basis of geographical distribution the Indiana species of 
Enallagma may be placed into three or four groups. Boreale , cyathig - 
erum and ebrium are northern, transcontinental forms which reach or 
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approach their southern limits in Indiana. All of them are early season 
forms and comparatively rare in Indiana but are more abundant north¬ 
ward. Antennatum, aspersum , exsulcms and hageni are northeastern 
species, occurring in the upper Mississippi valley and eastward; 
aspersum and exsulans are found from Ontario and New England to 
Oklahoma and South Carolina, hageni from Alberta and the Maritime 
Provinces to Kansas and South Carolina but antennatum appears to be 
confined to the area west of the Appalachian Mountains and there are 
few if any records from states south of the Ohio River although it 
probably occurs there as it has been taken in counties along the Ohio 
in Indiana. Five of the Indiana species ( divagans , gemmatum, signatum , 
traviatum, and vesperum) are found throughout the East—in general, 
from Wisconsin, Michigan or Ontario and New England or the Mari¬ 
time Provinces on the north to Oklahoma and Florida on the south. 
Carunculatum is found across southern Canada from British Columbia 
to Ontario and southward to California, Oklahoma and New Jersey, 
civile from southern Canada throughout the United States, Mexico, the 
West Indies and Central America into Colombia. The type of piscin - 
avium was collected in Wells County, Indiana, and specimens are also 
known from New Jersey and Pennsylvania; New York records for this 
species may be authentic although the specimens upon which they are 
based were lost, but records of piscinarium from Oklahoma, Illinois, and 
Michigan are almost certainly erroneous. When hasidens was first 
taken in Indiana in 1929 it was known only from Kansas and Texas. 
It has since been found in Missouri, Ohio, North and South Carolina 
and New York. That this species has actually spread over the eastern 
United States during the past fifteen or twenty years appears certain. 
Many of the localities where it is now found in abundance had been 
visited by experienced collectors of Odonata for many years before it 
was discovered, and it seems unlikely that it would have been missed 
had it been present previously. It was first taken at Lake Garrett 
(formerly known as Franz Fish Pond) in Wells County in 1932 when 
it was comparatively common (44 specimens taken). This pond was a 
favorite collecting locality for the late E. B. Williamson who had 
visited it more or less regularly season after season for almost 35 years 
before 1932. The author found hasidens in increasing numbers for 
three or four years after its discovery in 1929 at ponds in southern 
Indiana where he had collected for five years previously without finding 
it. The South Carolina record is from a locality beyond the Piedmont, 
at the very edge of the coastal plain and it would appear that the 
species has spread entirely to the Atlantic seaboard. 

Although there is some correlation between the geographical dis¬ 
tribution of a species and its seasonal distribution and abundance in 
Indiana, this relationship is by no means constant. Two of the “spring 
.species” ( boreale and cyathigerum) and one of the “early summer 
forms” ( ebrium ) are distinctly northern in distribution but the third 
“spring species” (divagans) and one of the “early summer” species 
(traviatum ) have ranges which extend farther to the south than to the 
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north of the latitude of Indiana; hctgeni? an “early summer” species, 
but somewhat more abundant than the others, has a range more or less 
similar (although it extends farther to the northwest) to those of three 
“full-season” species. Civile , the species with the greatest north and 
south spread in its range has also the longest seasonal range. 
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Meeting of Entomologists 

For the past seven or eight years the entomologists of Indiana have 
held a meeting in conjunction with the Academy of Science. These 
meetings are usually held on Saturday morning following the regular 
program of the Academy. The programs are always informal and topics 
of general interest are discussed. The attendance this year was 15. 

Mr. Paul T. Ulman of the State Entomologist's Office discussed the 
present status of the European corn borer. This pest was exceedingly 
destructive this past season in the central part of the state, where the 
average borer population in some counties showed as high as 30 per cent 
infestation. In the northeastern part of the state, where borers have 
been present for ten or more years, the population decreased in some 
counties. The reason for this was probably the hot, dry weather. Con¬ 
trol pleasures were discussed, and it was agreed that such cultural 
practices as plowing and cleaning up offer the best remedy at present, 
although hybrid varieties of corn are now being developed that show 
some resistance. 

Mr. E. V. Walter of the Federal Bureau of Entomology and Plant 
Quarantine discussed some of the work at the Lafayette Field Station. 
For corn earworm control, studies are being made on resistance strains 
of sweet and field corn. In the south he stated that sweet corn with 
long, tight husks was being raised, while the use of a light mineral oil 
applied at silking time was effective in reducing injury to market garden 
sweet corn. On field corn certain hybrids are showing some resistance, 
but it is too early to make any definite predictions on the success of 
such methods. 

The chinch bug, according to Mr. Walter, was present in its hiber¬ 
nating quarters in about normal numbers. In other words, the present 
population is large enough to become serious in the spring if climatic 
factors then are favorable. 

Mr. G. E. Lehker, Extension Entomologist at Purdue University, 
explained the use of Kodachrome slides for teaching and extension work. 
He showed a series of slides and explained the technique used in taking 
pictures to show insects, types of injury, and control measure. Since 
most insects are quite small, special equipment for taking close-ups 
was described. 

Mr. 'G. E. Gould of the Purdue University Agricultural Experiment 
Station followed Lehker's discussion with the procedure in making black 
and white prints from Kodachrome slides. It is necessary to project 
the Kodachrome from a 35 mm. enlarger onto a four by five inch nega¬ 
tive. Orthochromatic film was found better for this purpose than 
panchromatic. 

Dr. E. N. Woodbury of the Crop Protection Institute, stationed at 
Purdue, explained about his work in testing chemicals for their effi- 
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ciency as insecticides. These chemicals, supplied by the company sup¬ 
porting the fellowship, were tested against aphids, houseflies, roaches, 
grain beetles, and other insects—-either as sprays, repellents, or fumi¬ 
gants—depending upon their solubility and volatility. 

The Japanese beetle infestation in the state, according to Ulman, 
remained about the same. Some new infestations have been found, 
while many old infestations have been checked by the arsenate of lead 
treatment. Best results with this poison were obtained when it was 
used in a liquid and sprayed over the surface of the ground. 

New infestations of the brown-banded roach are being found from 
time to time, according to Gould. This roach has been recorded from 
78 localities in 27 states, Washington, D. C., and Montreal, Canada. 
The five cities in Indiana from which infestations have been reported 
are Bloomington, Indianapolis, West Lafayette, Lafayette, and Muncie, 

Mr. C. O. Partlow of Lafayette reported on the relative abundance 
of household pests. Records for the 10-year period from 1931 to 1940 
indicate a gradual increase in requests for information concerning vari¬ 
ous insects. The largest gain was termites, with about four times more 
inquiries in 1940 than in 1931. 

An unusual infestation of bat bugs (Cimex pilosellus (How.), in 
a lodge hall was reported by Gould. Members of the lodge observed 
What appeared to be bedbugs crawling around on the walls when the 
building was heated. Examination revealed that bats had been roosting 
in the attic for years, as indicated by the immense quantity of fecal 
matter and dead bats on the floor of the attic. Under the hip rafters 
this accumulation was 30 to 36 inches deep in places. Apparently the 
bats preferred to hang in the corners formed by the jack and hip 
rafters. Only two live bats were found when the attic was examined 
in November. No bugs were found on the bats, but numerous dead 
specimens were found in spider webs and under loose wallpaper. The 
bugs were determined as bat bugs and not bedbugs. 

An interesting report on some parasites of the sorghum midge was 
reported by Walter. In the southern states a small chalcidoid wasp, 
Eupelmus popa Gir., was the only parasite found, although reports in 
1920 indicated Aprostocetus diplosidis Cwfd. was the principal enemy 
of the midge. Since the publication of the life history of the midge 
during the past summer Walter has had correspondence with an ento¬ 
mologist in Trinidad who reported that the Eupelmus wasp had appeared 
and replaced the other parasite in several of the islands around Trinidad. 

Dr. W. E. Martin of DePauw discussed a paper he had presented on 
the previous day at the Academy meeting on Hormones in Arthropods. 
Little is known on this subject and Martin is just starting his investi¬ 
gations. 

Mr. C. O. Partlow of Lafayette was selected as chairman for the 
1942 meeting of the entomologists. 
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